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Description 

Technical Field 

[0001] The present invention relates to a method of 
separating a thin film device. 

Background Art 

[0002] For example, the production of a liquid crystal 
display using a thin film transistor (TFT) is carried out 
through the step of forming the thin film transistor on a 
substrate by CVD or the like. The step of forming the thin 
film transistor on the substrate is accompanied by high- 
temperature treatment, and it is thus necessary to use a 
substrate made of a material having excellent heat re- 
sistance, i.e., high softening point and melting point. 
Therefore, at present, quartz glass is used as a substrate 
which can resist a temperature of about 1000°C, and 
heat-resistant glass is used as a substrate which can 
resist a temperature of about 500°C, 
[0003] As described above, the substrate on which the 
thin film is mounted must satisfy conditions for producing 
the thin film device. Namely, the substrate used is deter- 
mined to necessarily satisfy conditions for producing the 
device mounted thereon. 

[0004] However, in consideration of only steps after 
completion of the substrate on which the thin film device 
such as TFT is mounted, the above-described substrate 
is not necessarily preferred. 

[0005] For example, in cases in which the substrate is 
passed through the production process accompanied 
with high-temperature treatment, as described above, a 
quartz substrate, a heat-resistant glass substrate, or the 
like is used. However, such a substrate is very expensive, 
and thus causes an increase in product cost. 
[0006] A glass substrate also has the property that it 
is heavy and brittle. In a liquid crystal display used for a 
portable electronic device such as a palm top computer, 
a portable telephone, or the like, a substrate is preferably 
as inexpensive as possible, lightweight, resistant to de- 
formation, and hard to break even by dropping. However, 
in fact, the glass substrate is heavy and weak against 
deformation, and has the possibility of breakage by drop- 
ping. 

[0007] Namely, there is a gap between the limits 
caused by production conditions and the preferable char- 
acteristics required for products, thereby causing great 
difficulties in satisfying both the conditions and charac- 
teristics. 

[0008] Therefore, the applicant proposes a technique 
in which a thin film device is formed on a first substrate 
by a conventional process, then separated from the first 
substrate and transferred to a second substrate. Thus, 
a separation layer is formed between the first substrate 
and the thin film device as a layer to be transferred. For 
example, this separation layer is irradiated with light to 
separate, from the first substrate, the thin film device as 



the layer to be transferred, which is then transferred to 
the second substrate. 

[0009] As a result of experiment earned out by the in- 
ventors, it was found that in some cases of separating 
5 the thin film device from the first substrate, a separation 
phenomenon does not sufficiently occur in the separation 
layer only by irradiating the separation layer with light, 
for example. 

[0010] As a result of intensive research carried out by 
10 the inventors, it was also found that whether or not the 
separation phenomenon readily occurs depends upon 
the properties of the separation layer. 
[001 1] There was also a problem in which the laminate 
relation of the layer to be transferred to the first substrate 
*5 used in production of the layer to be transferred differs 
from the laminate relation of the layer to be transferred 
to the second substrate to which the layer to be trans- 
ferred is transferred. 

[0012] Accordingly, an object of the present invention 

20 is to provide a method of separating a thin film device in 
which before the step of producing a separation phenom- 
enon in a separation layer, the separation layer is se- 
curely brought in an easy-to separate state to accelerate 
separation of the thin film device from a substrate. 

25 [001 3] Another object is to provide a method of trans- 
ferring a thin film device which can make the laminate 
relation of a layer to be transferred to a substrate used 
in producing the layer to be transferred coincide with the 
laminate relation of the layer to be transferred to a transfer 

30 material to which the layer to be transferred is transferred. 
[0014] Document EP 0 767 486 A discloses ion im- 
plantation and selective etching to remove the porous Si 
layer. Document US 5 559 043 A discloses implantation 
into a substrate and laser beam illumination to cause 

35 splitting. 

Disclosure of Invention 

[00 1 5] According to the present invention, there is pro- 
^0 vided a method of separating a thin film device compris- 
ing: 

a first step of forming a separation layer on a sub- 
strate, the separation layer being formed of a differ- 

45 ent material than the substrate; 

a second step of forming a thin film device so that 
the separation layer is positioned between the thin 
film device and the substrate; and 
a third step of irradiating the separation layer with 

50 light to cause a separation phenomenon in the sep- 
aration layer and/or the interface thereof to separate 
the substrate from the separation layer; 
wherein an ion implantation step of implanting ions 
in the separation layer is provided before the third 

55 step. 

[001 6] The separation layer having the property of ab- 
sorbing light is provided on the substrate, for example, 
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such as a quartz substrate having high reliability in device 
manufacture, and the thin film device such as TFT is 
formed on the substrate. Preferably, the thin film device 
is then joined to a desired transfer material with, for ex- 
ample, an adhesive layer held therebetween. Then, the 5 
separation layer is irradiated with light to produce a sep- 
aration phenomenon in the separation layer. As a result, 
the substrate can be peeled from the substrate, for ex- 
ample, by applying force to the substrate. 
[0017] At this time, ions are implanted into the sepa- to 
ration layer before the separation step to cause the sig- 
nificant separation phenomenon in the separation layer 
in the separation step, thereby permitting secure sepa- 
ration of the thin film device from the substrate. 
[0018] In this method, ions are previously implanted 15 
into the separation layer causing the significant separa- 
tion phenomenon in the separation layer. 

(2) The third step preferably includes the step of gas- 
ifying the ion implanted into the separation layer. This 20 
gasification of the ion in the separation layer causes 
internal pressure in the separation layer to acceler- 
ate the separation phenomenon. 

(4) In the ion implantation step, bonds of atoms or 
molecules which constitute the separation layer are 25 
preferably cut by the ions to previously damage the 
separation layer. This accelerates the separation 
phenomenon in the separation layer, which is 
caused in the subsequent separation step. 

(5) In the ion implantation step, the characteristics 30 
of the separation layer are preferably changed to pre- 
viously weaken adhesion between the separation 
layer and the substrate. This facilitates the separa- 
tion phenomenon in the separation layer, which is 
caused in the subsequent separation step. 35 

(6) The second step preferably includes the thin film 
transistor forming step of forming a thin film transis- 
tor, the thin film transistor forming step preferably 
includes a channel layer forming step, and the ion 
implantation step is performed after the channel lay- *o 
er forming step. 

The channel forming step is a high- temperature 
treatment step, as compared with the other steps. 
Therefore, if the ions for accelerating the separation 
phenomenon are implanted before the channel form- 45 
ing step, the ions are possibly released from the sep- 
aration layer during subsequent high-temperature 
treatment. 

(7) The thin film transistor forming step includes a 
channel pattern forming step after the channel layer 50 
forming step, and the ion implantation step is pref- 
erably performed after the channel pattern forming 
step. 

For example, even when the ions for accelerating 
the separation phenomenon are implanted from the 55 
channel pattern side after the channel pattern is 
formed, the area of the channel pattern itself which 
interferes with the implantation is decreased. There- 



fore, the ions can easily be caused to reach the sep- 
aration layer. 

(8) The ion implantation step is preferably performed 
with the mask formed on a region of the channel 
layer, which serves as a channel region. 

This is because ion implantation in the channel re- 
gion has the possibility of deteriorating transistor 
characteristics. The step of implanting the ions with 
the channel region masked may be performed either 
before or after the channel pattern is formed. 

(9) The thin film transistor forming step includes the 
step of forming a gate insulation film on the channel 
pattern and the step of forming a gate electrode on 
the gate insulation film after the channel pattern 
forming step, and the ion implantation step is pref- 
erably performed by using the gate electrode as the 
mask. 

Since the gate electrode is formed opposite to the 
channel, the gate electrode can also be used as the 
mask for preventing ion implantation in the channel 
region. Another mask may be further formed on the 
gate electrode according to the acceleration voltage 
of the ion. 

(10) The ion implantation step preferably comprises 
simultaneously implanting impurity ions to be im- 
planted in at least one of the source region and the 
drain region of the channel region, and the above- 
described ions having lower mass and to be implant- 
ed in the separation layer. 

This enables the step of implanting the ions in the 
separation layer to be also used as the step of form- 
ing the impurity ion in the source and/or drain region. 
Since the mass of the ions is lower than the impurity 
ions, the ions can reach the separation layer deeper 
than the source and drain regions. 

(11) The thin film transistor forming step includes the 
step of forming an amorphous silicon layer as the 
channel layer, and the crystallization step of crystal- 
lizing the amorphous silicon layer by laser annealing, 
and the ion implantation step is preferably performed 
before the crystallization step. 

If the channel layer is damaged by the ion implanta- 
tion step, crystallinity can be improved by the sub- 
sequent laser annealing step. 

(12) The ions are preferably hydrogen ions. 
Implantation of the hydrogen ions in the separation 
layer permits contribution to the action described in 
each of Claims 2 to 4. Particularly, since hydrogen 
ions have lower mass than the impurity ions (boron, 
phosphorus, or the like) implanted in the source and 
drain, hydrogen ions are suitable for carrying out the 
invention. Ions for gasification include hydrogen 
ions, nitrogen ions, and the like. Ions for damaging 
or deteriorating adhesion include hydrogen ions and 
Si ions, and the like. 

( 1 3) The process temperature in the step carried out 
after the ion implantation step is preferably less than 
350°C. 
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Since hydrogen implanted in the separation layer be- 
gins to escape by heating to 350°C or more, the step 
which requires a process temperature of 350°C or 
more is preferably performed before the step of im- 
planting the ions in the separation layer. 5 

( 1 4) A thin film device is separated from the substrate 
by the separation method above. The method can 
further comprise the step of forming an intermediate 
layer between the separation layer and the thin film 
device. to 

(1 5) According to another aspect of the present in- 
vention, there is provided a method of manufacturing 
a thin film transistor, comprising: 

a first step of forming a separation layer on a is 
substrate, the separation layer being formed of 
a different material than the substrate; 
a second step of forming a channel layer of the 
thin film transistor so that the separation layer 
is positioned between the substrate and the thin 20 
film transistor; 

a third step of implanting ions in the separation 
layer after forming the channel layer; and 
a fourth step of irradiating the separation layer 
with light to cause a separation phenomenon in 25 
the separation layer and/or an interface thereof 
to have the thin film transistor separated from 
the substrate. 

(16) In the method of (15), a channel pattern may be 30 
formed after the channel layer is formed and ions 
are implanted. 

(17) In addition, in the method of (15) the second 
step of forming the channel layer may comprise form- 
ing a silicon layer including an amorphous silicon to 35 
form the channel layer; and crystallising the amor- 
phous silicon layer. 

(18) The method of (15) may also further comprise 
the step of forming an intermediate layer between 

the separation layer and the thin film transistor. 40 

(19) Finally, in the method of (15) the separation phe- 
nomenon may be caused by vaporising the ions im- 
planted in the separation layer. 

Brief Description of the Drawings 45 

[0019] 

Fig. 1 is a sectional view showing the first step of a 
method of transferring a thin film device in accord- so 
ance with a first embodiment of the present inven- 
tion. 

Fig. 2 is a sectional view showing the second step 
of the method of transferring a thin film device in 
accordance with the first embodiment of the present 55 
invention. 

Fig. 3 is a sectional view showing the third step of 
the method of transferring a thin film device in ac- 



cordance with the first embodiment of the present 
invention. 

Fig. 4 is a sectional view showing the fourth step of 
the method of transferring a thin film device in ac- 
cordance with the first embodiment of the present 
invention. 

Fig. 5 is a sectional view showing the fifth step of the 
method of transferring a thin film device in accord- 
ance with the first embodiment of the present inven- 
tion. 

Fig. 6 is a sectional view showing the sixth step of 
the method of transferring a thin film device in ac- 
cordance with the first embodiment of the present 
invention. 

Fig. 7 is a graph showing changes in transmittance 

of a first substrate (the substrate 100 shown in Fig. 

1) with the wavelength of a laser beam. 

Fig. 8 is a sectional view showing the first step of 

forming the thin film device shown in Fig. 2. 

Fig. 9 is a sectional view showing the second step 

of forming the thin film device shown in Fig. 2. 

Fig. 10 is a sectional view showing the third step of 

forming the thin film device shown in Fig. 2. 

Fig. 11 is a sectional view showing the fourth step 

of forming the thin film device shown in Fig. 2. 

Fig. 12 is a sectional view showing the fifth step of 

forming the thin film device shown in Fig. 2. 

Fig. 13 is a sectional view showing the sixth step of 

forming the thin film device shown in Fig. 2. 

Fig. 14 is a sectional view showing the seventh step 

of forming the thin film device shown in Fig. 2. 

Fig. 1 5 is a sectional view showing details of the step 

shown in Fig. 3. 

Fig. 1 6 is a sectional view showing details of the step 
shown in Fig. 4. 

Fig. 1 7 is a sectional view showing details of the step 
shown in Fig. 5. 

Fig. 18 is a sectional view showing details of the step 
shown in Fig. 6. 

Figs. 1 9(a) and (b) are perspective views of a micro- 
computer manufactured by using the present inven- 
tion. 

Fig. 20 is a drawing illustrating the configuration of 
a liquid crystal display device. 
Fig. 21 is a drawing illustrating the sectional structure 
of a principal portion of a liquid crystal display device. 
Fig. 22 is a drawing illustrating the configuration of 
a principal portion of a liquid crystal display device. 
Fig. 23 is a sectional view of a device showing the 
first step of a method of manufacturing an active ma- 
trix substrate using the present invention. 
Fig. 24 is a sectional view of a device showing the 
second step of the method of manufacturing an ac- 
tive matrix substrate using the present invention. 
Fig. 25 is a sectional view of a device showing the 
third step of the method of manufacturing an active 
matrix substrate using the present invention. 
Fig. 26 is a sectional view of a device showing the 
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fourth step of the method of manufacturing an active 
matrix substrate using the present invention. 
Fig. 27 is a sectional view of a device showing the 
fifth step of the method of manufacturing an active 
matrix substrate using the present invention. 5 
Fig. 28 is a drawing illustrating a method of transfer- 
ring a thin film device in accordance with another 
embodiment of the present invention. 
Fig. 29 is a drawing illustrating a method of transfer- 
ring a thin film device in accordance with a further 10 
embodiment of the present invention. 
Fig. 30 is a drawing illustrating a method of transfer- 
ring a thin film device in accordance with a modified 
embodiment of the present invention. 
Fig. 31 is a sectional view showing the step of inrv 15 
planting ions for accelerating separation after the 
step shown in Fig. 9. 

Fig. 32 is a sectional view showing the step of im- 
planting ions for accelerating separation after the 
step shown in Fig. 10. 20 
Fig. 33 is a schematic sectional view showing the 
additional step 1 in two times of transfer performed 
subsequently to the step shown in Fig. 6. 
Fig. 34 is a schematic sectional view showing the 
additional step 2 in two times of transfer performed 25 
subsequently to the step shown in Fig. 33. 
Fig. 35 is a schematic sectional view showing the 
additional step 3 in two times of transfer performed 
subsequently to the step shown in Fig. 34. 

30 

Reference Numerals 
[0020] 

100 substrate 35 
1 20 separation layer 
140 thin film device layer 
1 60 adhesive layer 
180 transfer material 

40 

Best Mode for Carrying Out the Invention 

[0021] The present invention will be described in detail 
below on the basis of the preferred embodiments shown 
in the drawings. 45 

< First Embodiment 

[0022] Figs. 1 to 6 are drawings illustrating a method 
of transferring a thin film device, which is the premise of 50 
the present invention. 

[Step 1] 

[0023] As shown in Fig. 1 , a separation layer (light ab- 55 
sorbing layer) 120 is formed on a substrate 100. 
[0024] Description is made of the substrate 100 and 
the separation layer 120. 



(1) Description of the substrate 100 

[0025] As the substrate 100. a substrate having light 
transmission, which can transmit light, is used. 
[0026] In this case, the light transmittance is preferably 
1 0% or more, more preferably 50% or more. With too low 
transmittance, attenuation (loss) of light increases, and 
thus a larger quantity of light is required for separating 
the separation layer 120. 

[0027] The substrate 100 is preferably made of a ma- 
terial having high reliability, particularly preferably made 
of a material having excellent heat resistance. The rea- 
son for this is that for example, in forming a layer 140 to 
be transferred and an intermediate layer 142, which will 
be described below, the process temperature is in- 
creased (for example, about 350 to 1000C) according to 
the type and the forming method used, and even in such 
a case, the ranges of deposition conditions such as a 
temperature condition and the like set for forming the 
layer 140 to be transferred on the substrate 1 00 are wid- 
ened when the substrate 100 has excellent heat resist- 
ance. 

[0028] Therefore, if the highest temperature for form- 
ing the layer 140 to be transferred is Tmax, the substrate 
100 is preferably made of a material having a strain point 
of Tmax or more. Specifically, the constituent material of 
the substrate 100 preferably has a strain point of 350°C 
or more, more preferably 500°C or more. Examples of 
such materials include heat-resistant glass such as 
quartzglass, Coming 7059, Ninon Denki glass OA-2, and 
the like. 

[0029] Although the thickness of the substrate 100 is 
not limited, the thickness is preferably about 0.1 to 5.0 
mm, more preferably about 0.5 to 1.5 mm. The use of 
the excessively thin substrate 100 causes deterioration 
in intensity, while the use of the excessively thick sub- 
strate 100 causes attenuation of light with low transmit- 
tance. 

With the substrate 100 having high transmittance, the 
thickness thereof may be over the upper limit. The sub- 
strate 100 preferably has a uniform thickness in order to 
allow uniform irradiation of light. 

(2) Description of the separation layer 120 

[0030] In the separation layer 120, the bonding force 
is decreased or lost by any one or a plurality of actions 
including physical actions (light, heat, and the like), 
chemical actions (chemical reaction with a chemical), 
and mechanical actions (tensile force, vibration, and the 
like), thus accelerating separation of the substrate 100 
through the separation layer 120. 
[0031] An example of the separation layer 120 is a lay- 
er having the property of absorbing irradiation light to 
produce separation (referred to as "in-layer separation" 
and "interface separation" hereinafter) in the layer and/or 
the interface. Preferably, the interatomic or intermolecu- 
lar bonding force of the constituent material of the sep- 
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aralion layer 120 is lost or decreased by irradiation of 
light, i.e., ablation occurs, resulting in in-layer separation 
and/or interface separation. 

[0032] In some cases, gases are released from the 
separation layer 120 by irradiation of light, manifesting 
the separating effect. Namely, such cases include cases 
in which the components contained in the separation lay- 
er 120 are released as gases, and cases in which the 
separation layer 120 absorbs light to momentarily pro- 
duce gases, which are released to contribute to separa- 
tion. 

[0033] The present invention is characterized in that 
after the separation layer 120 having the above charac- 
teristics is formed, separation accelerating ions are im- 
planted in the separation layer 120, thereby accelerating 
a separation phenomenon in the separation layer in the 
subsequent step. Therefore, any types of ions for accel- 
erating separation may be used as long as the separation 
phenomenon is accelerated by the physical action, the 
chemical action or the mechanical action. 
[0034] Examples of the composition of the separation 
layer 120 include the following compositions A to E. 

A. Amorphous silicon (a-Si) 

The amorphous silicon may contain hydrogen (H). 
In this case, the H content is preferably about 2 atom- 
ic % or more, more preferably about 2 to 20 atomic 
%. In this way, with a predetermined content of hy- 
drogen, hydrogen is released by subsequent irradi- 
ation of light to generate internal pressure in the sep- 
aration layer 120, thereby causing force to separate 
upper and lower thin films. The hydrogen (H) content 
of the amorphous silicon can be adjusted by appro- 
priately setting deposition conditions, for example, 
such as the gas composition, gas pressure, gas at- 
mosphere, gas flow rate, temperature, substrate 
temperature, input power, etc. 
In this embodiment, hydrogen can be contained in 
the separation layer 120 according to the process 
conditions, and hydrogen ions can also be implanted 
as separation accelerating ions at any time after the 
amorphous silicon layer is formed, as described be- 
low. Therefore, at least a predetermined amount of 
hydrogen can be contained in the amorphous silicon 
layer regardless of the process conditions for amor- 
phous silicon. 

B. Various oxide ceramics such as silicon oxides or 
silicate compounds, titanium oxides or titanate com- 
pounds, zirconium oxides or zironate compounds, 
lanthanum oxides or lanthanate compounds, and the 
like; dielectric materials (ferroelectric materials) or 
semiconductors can be used. 

Examples of silicon oxides include SiO, Si0 2 , Si 3 0 2 , 
and the like; and examples of silicate compounds 
include K 2 Si0 3 , Li 2 Si0 3 , CaSi0 3 , ZrSi0 4 , Na 2 Si0 3 , 
and the like. 

Examples of titanium oxides include TiO, Ti20 3 , 
Ti0 2 , and the like, and examples of titanate com- 



pounds include BaTi0 4 , BaTi0 3 , Ba^igO^, 
BaTi 5 0 11( CaTi0 3 , SrTi0 3 , PbTi0 3 , MgTi0 3 , 
Zr710 2 , SnTi0 4 , AI 2 Ti0 5 , FeT»0 3 . and the like. 
Examples of zirconium oxides include Zr0 2 , and ex- 
5 amples of zirconate compounds include BaZr0 3 , 
ZrSi0 4 . PbZr0 3 , MgZr0 3 , K 2 Zr0 3 , and the like. 

C. Ceramics such as PZT, PLZT, PLLZT, PBZT, and 
the like, or dielectric material (ferroelectric material) 

D. Nitride ceramics such as silicon nitride, aluminum 
10 nitride, titanium nitride, and the like 

E. Organic polymer materials 

Any organic polymer material can be used as long 
as it has a bond (the bond is cut by irradiation of light) 
such as -CH-, -CO- (ketone), -CONH- (amido), -NH- 

15 (imido), -COO- (ester), -N=N- (azo), -CH=N- (Shift), 
or the like, and particularly, it has many of these 
bonds. The organic polymer material may have ar- 
omatic hydrocarbon (one or two benzene rings or 
condensed rings thereof) in its structural formula. 

20 Examples of such organic polymer materials include 
polyolefins such as polyethylene, polypropylene, 
and the like; polyimide; polyamide; polyester, 
polymethyl methacrylate (PMMA), polyphenylene 
sulfide (PPS), polyether sulfone (PES); epoxy res- 

25 ins; and the like. 

F. Metal 

Examples of metals include Al, Li, Ti, Mn, In, Sn, Y, 
La, Ce, Nd, Pr, Gd, Sm, and alloys containing at least 
one of these metals. 

30 

[0035] Although the thickness of the separation layer 
1 20 depends upon various conditions such as the pur- 
pose of separation, the composition of the separation 
layer 120, the layer structure, the forming method, etc., 

35 the thickness is preferably about 1 nm to 20 jim, more 
preferably about 5 nm to 2 jim, most preferably 5 nm to 
1 p.m. The separation layer 120 having a too small thick- 
ness causes deterioration in uniformity of deposition, and 
nonuniformity in separation, while the separation layer 

40 120 having a too large thickness requires high powder 
(quantity) of light for securing the good separation ability 
of the separation layer 120, as well as much time for the 
subsequent work of removing the separation layer 120. 
The thickness of the separation layer is preferably as 

45 uniform as possible. 

[0036] The method of forming the separation layer 1 20 
is not limited, and is appropriately selected depending 
upon various conditions such as the film composition, 
the film thickness, etc. Examples of the forming method 

so include various vapor phase deposition methods such 
as CVD (including MOCVD, low-pressure CVD, and 
ECR-CVD), vapor deposition, molecular beam deposi- 
tion (MB), sputtering, ion plating, PVD, and the like; var- 
ious plating methods such as electroplating, dip plating 

55 (dipping), electroless plating, and the like; coating meth- 
ods such as Langmuir-Blodgett's (LB) process, spin coat- 
ing, spray coating, roll coating, and the like; various print- 
ing methods; a transfer method; an ink jet method; a pow- 
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der jet method; and the like. The separation layer 120 
can also be formed by a combination of at least two of 
these methods. 

[0037] For example, when the composition of the sep- 
aration layer 120 comprises amorphous silicon (a-Si), 
deposition is preferably carried out by CVD, particularly 
low-pressure CVD or plasma CVD. 
[0038] When the separation layer 120 is made of ce- 
ramic by using a sol-gel method, or an organic polymer 
material, deposition is preferably carried out by the coat- 
ing method, particularly spin coating. 

[Step 2] 

[0039] Next, as shown in Fig. 2, the layer to be trans- 
ferred (thin film device layer) 140 is formed on the sep- 
aration layer 120. Although the process after step 2 will 
be described in detail later with reference to Figs. 8 to 
1 8, in this embodiment, the step of implanting ions for 
accelerating separation in the separation layer 1 20 is car- 
ried out in the course of the steps shown in Figs. 8 to 13. 
[0040] Fig. 2 also shows an enlarged section of portion 
K (the portion shown by a one-dot chain line in Fig. 2) of 
the thin film device layer 140 on the right side thereof. 
As shown in Fig. 2, the thin film device layer 140 com- 
prises TFT (thin film transistor), for example, formed on 
a Si0 2 film (intermediate layer) 142, the TFT comprising 
a source drain layer 146 formed by introducing n-type 
impurities in a polysilicon layer, a channel layer 144, a 
gate insulation film 148, a gate electrode 150, an inter- 
layer insulation film 154, and an electrode 152, for ex- 
ample, made of aluminum. 

[0041] Although this embodiment uses the Si0 2 film 
as the intermediate layer provided in contact with the 
separation layer 120, other insulating films such as a 
S\Jtt 4 film and the like can also be used. Although the 
thickness of the Si0 2 film (intermediate layer) is appro- 
priately determined according to the purpose of forma- 
tion, and the degree of the function exhibited, the thick- 
ness is preferably about 10 nm to 5 fim, more preferably 
about 40 nm to 1 p.m. The intermediate layer is formed 
for various purposes. For example, the intermediate layer 
exhibits at least one of the functions as a protective layer 
for physically or chemically protecting the layer 140 to be 
transferred, an insulation layer, a conductive layer, a la- 
ser shielding layer, a barrier layer for preventing migra- 
tion, and a reflecting layer. 

[0042] The layer to be transferred (thin film device lay- 
er) 140 may be formed directly on the separation layer 
1 20 without the intermediate layer such as the Si0 2 layer 
or the like formed, according to circumstances. 
[0043] The layer 140 to be transferred (thin film device 
layer) comprises the thin film device such as TFT or the 
like, as shown on the right side of Fig. 2. 
[0044] Besides TFT, examples of the thin film device 
include a thin film diode; a photoelectric transducer (an 
optical sensor and a solar cell) and ss silicon resistor 
element, which comprise PIN junctions of silicon; other 



thin film semiconductor devices; an electrode (for exam- 
ple, a transparent electrode of ITO of mesa film); a switch- 
ing element; memory; an actuator such as a piezoelectric 
element; a micro mirror (piezo thin film ceramic); a mag- 

5 netic recording thin film head, a coil, an inductor; a filter; 
a reflecting film, a dichroic mirror, and the tike. 
[0045] Such a thin film device is generally formed 
through a relatively high process temperature in relation 
to the forming method. In this case, as described above, 

10 a substrate with high reliability, which can resist the proc- 
ess temperature, is thus required as the substrate 100. 

[Step 3] 

15 [0046] Next, as shown in Fig. 3, the thin film device 
layer 140 is joined (bonded) to a transfer material 180 
through an adhesive layer 160. 
[0047] Preferred examples of the adhesive which con- 
stitutes the adhesive layer 160 include various curable 

20 adhesives such as reactive curable adhesives; thermal 
curable adhesives: light curable adhesives such as ultra- 
violet curable adhesives; and the like; anaerobic curable 
adhesives, and the like. As the composition of the adhe- 
sive layer, any of epoxy, acrylate and silicone types, and 

25 the like may be used. The adhesive layer 1 60 is formed 
by, for example, a coating method. 
[0048] In the use of one of the curable adhesives, for 
example, the curable adhesive is coated on the layer to 
be transferred (thin film device layer) 140, and the trans- 

30 fer material 180 is joined to the adhesive layer which is 
then cured by a curing method according to the charac- 
teristics of the curable adhesive used to bond and fix the 
layer to be transferred (thin film device layer) 140 and 
the transfer material 180. 

35 [0049] In the case of a light curable adhesive, irradia- 
tion of light is effected from the outside of one of the light 
transmitting substrate 100 and the light transmitting 
transfer material 180 (or the outsides of both the light 
transmitting substrate and transfer material). As the ad- 

40 hesive, a light curable adhesive such as an ultraviolet 
curable adhesive or the like is preferable, which has little 
effect on the thin film device layer. 
[0050] As the adhesive layer 1 60, a water-soluble ad- 
hesive can also be used . Examples of such water-soluble 

45 adhesives include Chemiseal U-451 D (trade name) pro- 
duced by Chemi-ech Co., Ltd., Three Bond 3046 (trade 
name) produced by Three Bond Co., Ltd., and the like. 
[0051] As the adhesive layer 1 60, an adhesive soluble 
in various organic solvents can also be used. 

so [0052] As the adhesive layer 160, an adhesive exhib- 
iting the separating function by heat can also be used. 
Examples of such adhesives include Liva Alpha (trade 
name) produced by Nitto Denko, and the like. 
[0053] As the adhesive layer 1 60, an adhesive exhib- 

55 iting the separating function by ultraviolet irradiation can 
also be used. Examples of such adhesives include Dicing 
Tape D-210 and D-636 for glass ceramic, which are pro- 
duced by Lintech Co., Ltd. 
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[0054] Unlike the structure shown in the drawing, the 
adhesive layer 160 may be formed on the transfer ma- 
terial 180 side, and the layer to be transferred (thin film 
device layer) 140 may be bonded to the adhesive layer 
1 60. For example, when the transfer material 180 has an 
adhesive function, the adhesive layer 160 may be omit- 
ted. 

[0055] Although the transfer material 180 is not limited, 
a substrate (plate material), particularly a transparent 
substrate, can be used. Such a substrate may be either 
a flat plate or a curved plate. 

[0056] The transfer material 180 may have the char- 
acteristic that the heat resistance and abrasion resist- 
ance are lower than the substrate 100. The reason for 
this is that in the present invention, the layer to be trans- 
ferred (thin film device layer) 140 is formed on the sub- 
strate 100 side, and then transferred to the transfer ma- 
terial 180, and thus characteristics required for the trans- 
fer material 180, particularly heat resistance, do not de- 
pend upon the temperature condition and the like in for- 
mation of the layer to be transferred (thin film device lay- 
er) 140. 

[0057] Therefore, if the highest temperature for form- 
ing the layer 140 to be transferred is Tmax, a material 
having a glass transfer point (Tg) or softening point lower 
than Tmax can be used as the constituent material of the 
transfer material 180. For example, the transfer material 
180 comprises a material preferably having a glass tran- 
sition point (Tg) or softening pint of 800°C or less, more 
preferably 500°C or less, most preferably 320°C or less. 
[0058] The transfer material 1 80 preferably has some 
degree of rigidity (strength) as a mechanical character- 
istic, but it may have flexibility or elasticity. 
[0059] Examples of such constituent materials of the 
transfer material 180 include various synthetic resins and 
various glass materials. Particularly, various synthetic 
resins and normal (low- melting-point) inexpensive glass 
materials are preferably used. 

[0060] The synthetic resins may be either thermoplas- 
tic resins or thermosetting resins. Examples of such res- 
ins include polyolefins such as polyethylene, polypropyl- 
ene, ethylenepropylene copolymers, ethyl-vinyl acetate 
copolymers (EVA), and the like; cyclic polyolefins; mod- 
ified polyolefins; polyvinyl chlorides; polyvinylidene chlo- 
rides; polystyrenes; polyamides; polymides; polyamide- 
imide; polycarbonate; poly-(4-methylpentene-1); iono- 
mers; acrylic resins; polymethyl methacrylate; acryl-sty- 
rene copolymers (AB resins); butadiene-styrene copoly- 
mers; polyo copolymers (EVOH), polyesters such as pol- 
yethylene terephthalate (PET), polybutylene terephtha- 
late (PBT), polycyclohexane terephthalate (PCT), and 
the like; polyether, polyether ketone (PEK), polyether 
ether ketone (PEEK), polyether imide, polyacetal (POM), 
polyphenyleneoxide. modified polyphenyleneoxide, 
polyacrylate, aromatic polyester (liquid crystal polymers), 
polytetrafluoroetheylene, polyvinylidene fluoride, other 
various thermoplastic elastomers of slyrene type, poly- 
olefin type, polyvinyl chloride type, polyurethane type, 



fluororubber type, chlorinated polyethylene type, and the 
like; epoxy resins, phenol resins; urea resins; melamine 
resins; unsaturated polyester, silicone resins; poly- 
urethane; copolymers, blends, polymer alloys, and the 
5 like, which contain these resins as main components. 
These resins can be used singly or in combination of at 
least two (for example, as a laminate of at least two lay- 
ers). 

[0061] Examples of the glass materials include silicate 

10 glass (quartz glass), alkali silicate glass, soda-lime glass, 
potash lime glass, lead (alkali) glass, barium glass, boro- 
silicate glass, and the like. With the exception of silicate 
glass, these types of glass desirably have low melting 
points, and are relatively easy to mold and process and 

15 inexpensive, as compared with silicate glass. 

[0062] In the use of the transfer material 180 made of 
a synthetic resin, the large transfer material 180 can be 
integrally formed, and a complicated shape having a 
curved surface or unevenness can easily be produced, 

20 with various advantages of low material cost and produc- 
tion cost. Therefore, the use of a synthetic resin is ad- 
vantageous for producing an inexpensive large device 
(for example, a liquid crystal display). 
[0063] The transfer material 180 may constitute an in- 

25 dependent device by itself, for example, such as a liquid 
crystal cell, or constitute a portion of a device, for exam- 
ple, such as a color filter, an electrode layer, a dielectric 
layer, an insulation layer, or a semiconductor device. 
[0064] Also the transfer material 180 may comprise a 

30 material such as a metal, ceramic, a stone, wood paper, 
or the like, or any desired surface (the surface of a watch, 
an air conditioner, a printed board, or the like) which con- 
stitutes an article, or a surface of a structure, such as a 
wall, a column, a ceiling, window glass, or the like. 

35 

[Step 4] 

[0065] Next, as shown in Fig. 4, the substrate 100 is 
irradiated by light from the rear side thereof. 

40 [0066] After the light is transmitted through the sub- 
strate 100, the separation layer 120 is irradiated by the 
light. As a result, in-layer separation and/or interface sep- 
aration occurs in the separation layer 120 to decrease or 
lose bonding force. 

4 5 [0067] The principle of the occurrence of in-layer sep- 
aration and/or interface separation in the separation layer 
120 possibly lies in the fact that ablation occurs in the 
constituent material of the separation layer 120, the gas- 
es contained in the separation layer 120 are discharged, 

so and a phase change such as melting, transpiration, or 
the like occurs immediately after irradiation. 
[0068] The ablation means that the fixed material (the 
constituent material of the separation layer 120) which 
absorbs irradiation light is chemically or thermally excited 

55 to cut the atomic bonds or molecular bonds in the surface 
or inside of the separation layer 1 20. releasing atoms or 
molecules. The ablation mainly occurs as a phenomenon 
in that a phase change such as melting, transpiration 
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(evaporation) or the like occurs over the entire constituent 
material of the separation layer 1 20 or in a portion thereof. 
In some cases, the phase change causes a fine foam 
state to deteriorate the bonding force. 
[0069] Whether the separation layer 1 20 produces the 
in- layer separation or interface separation or both de- 
pends upon the composition of the separation layer 120 
and other various factors. Examples of the factors include 
conditions such as the type, wavelength, strength, reach 
depth of the irradiation light, etc. 
[0070] In this embodiment, after the separation layer 
1 20 has been formed, in the fourth step, separation ac- 
celerating ions are implanted in the separation layer 120 
in order to securely produce the separation phenomenon. 
[0071] The separation accelerating ions have at least 
one or a combination of at least two of the three functions 
below, and accelerate the separation phenomenon of the 
separation layer 120 in the fourth step. 
[0072] One of the functions is to gasify the separation 
accelerating ions of, for example, hydrogen (H) or nitro- 
gen (N), implanted in the separation layer 120, thereby 
accelerating separation of the separation layer 120 in the 
fourth step. 

[0073] Another function is to cut bonds of atoms or 
molecules, which constitute the separation layer 120, by 
the separation accelerating ions of, for example, hydro- 
gen (H), nitrogen (N) or silicon (Si) to previously damage 
the separation layer 120 in the step of implanting the 
separation accelerating ions. Therefore, the previously 
damaged separation layer 1 20 is relatively easily sepa- 
rated in the fourth step. 

[0074] The other function is to change the character- 
istics of the separation layer 120 by the separation ac- 
celerating ions of, for example, hydrogen (H), nitrogen 
(N) or silicon (Si) to previously decrease adhesion be- 
tween the separation layer 120 and the substrate 100 in 
the step of implanting the separation accelerating ions. 
Therefore, the separation layer 120 with decreased ad- 
hesion to the substrate is relatively easily separated in 
the fourth step. 

[0075] Irradiation with light is used in the fourth step. 
A laser beam is preferable in the point that it readily caus- 
es separation (ablation) in the separation layer 120. 
[0076] As a laser device for emitting the laser beam, 
various gas lasers, solid lasers (semiconductor lasers), 
and the like can be used. An excimer laser, an Nd-YAG 
laser, an Ar laser, a C0 2 laser, a CO laser, a He-Ne laser 
and the like are preferably used, and an excimer laser is 
particularly preferred. 

[0077] Since the excimer laser outputs high energy in 
the short wavelength region, it can produce ablation in 
the separation layer 1 20 within a very short time, and can 
separate the separation layer 120 without substantially 
no temperature rise in the adjacent transfer material 180 
and substrate 100. i.e., without deterioration and dam- 
age. 

[0078] When ablation is produced in the separation 
layer 120 depending upon the wavelength of light, the 



wavelength of the irradiating laser beam is preferably 
about 100 nm to 350 nm. 

[0079] Fig. 7 shows an example of transmittance of 
the substrate 100 relative to the wavelength of light. As 

5 shown in Fig. 7, the substrate 100 has the property that 
transmittance rapidly increases at a wavelength of 300 
nm. In this case, the substrate 1 00 is irradiated with light 
at a wavelength of 210 nm or more, for example, Xe-CI 
excimer laser light (wavelength 308 nm), KrF laser light 

10 (wavelength 248 nm), or the like. 

[0080] For example, when gas release, evaporation, 
phase change such as sublimation or the like are pro- 
duced in the separation layer 1 20 to cause the separation 
property, the wavelength of the irradiation laser light is 

15 preferably about 350 to 1 200 nm. 

[0081] The energy density of the irradiation laser 
beam, particularly the energy density of an excimer laser 
beam, is preferably about 1 0 to 5000 mJ/cm 2 , more pref- 
erably about 100 to 500 mJ/cm 2 . The irradiation time is 

20 preferably about 1 to 1000 nsec, and more preferably 
about 10 to 100 nsec. With a low energy density or a 
short irradiation time, ablation does not sufficiently occur, 
while with a high energy density or a long irradiation time, 
the irradiation light transmitted through the separation 

25 layer 1 20 possibly adversely affects the layer 140 to be 
transferred. 

[0082] As a measure against the case in which the 
irradiation light transmitted through the separation layer 
120 reaches the layer 1 4 0 to be transferred and adversely 

30 affects it, a method is used in which a metallic film 124 
of tantalum (Ta) or the like is formed on the separation 
layer (laser absorbing layer) 1 20, for example, as shown 
in Fig. 30. This causes the laser light transmitted through 
the separation layer 120 to be completely reflected by 

35 the interface with the metallic film 124, thereby preventing 
adverse effects on the thin film device formed above the 
metallic film 124. 

[0083] Next, as shown in Fig. 5, force is applied to the 
substrate 1 00 to separate the substrate 1 00 from the sep- 
40 aration layer 120. Although not shown in Fig. 5, the sep- 
aration layer sometimes adheres to the substrate 100 
after separation. 

[0084] Next, as shown in Fig. 6, the residue of the sep- 
aration layer 120 is removed by a method of washing, 
45 etching, ashing, polishing, or the like, or a method com- 
prising a combination thereof. As a result, the layer to be 
transferred (thin film device layer) 140 is transferred to 
the transfer material 180. 

[0085] When a part of the separation layer adheres to 
50 the separated substrate 1 00, it is removed by the same 
method. With the substrate 100 made of an expensive 
material such as quartz glass, or a rare material, the sub- 
strate 100 is preferably reused (recycled). Namely, the 
present invention can also be applied to the substrate 
55 1 00 desired to be reused, with high availability. 

[0086] The layer to be transferred (thin film device lay- 
er) 140 is completely transferred to the transfer material 
180 through the above-described steps. Then, it is also 
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possible to remove a Si0 2 film adjacent to the layer to 
be transferred (thin film device layer) 140. and form a 
conductive layer such as wiring and a desired protective 
film on the layer 140 to be transferred. 
[0087] In this way, the layer to be transferred (thin film 5 
device layer) 140 as an object to be separated is sepa- 
rated by using the separation layer joined to the layer 
transferred (thin film device layer) 140, not separated di- 
rectly. Therefore, the object to be separated (the layer 
140 to be transferred) can be readily, securely, and uni- 10 
formly separated (transferred) regardless of the charac- 
teristics and conditions of the object to be separated (the 
layer 140 to be transferred), without damaging the object 
to be separated (the layer 140 to be transferred) in the 
separating operation. Thus, the high reliability of the layer 15 
140 to be transferred can be maintained. 
[0088] Next, description will be made of a typical ex- 
ample of a production process in which for example, a 
CMOS structure TFT is formed as the thin film device 
layer 140 on the substrate 100 and the separation layer 20 
120, with reference to Figs. 8 to 18. Description will be 
also made of the step of implanting the separation accel- 
erating ions in the course of this process. 

(Step 1) 25 

[0089] As shown in Fig. 8, a separation layer (for ex- 
ample, an amorphous silicon layer formed by the LPCVD 
method) 120, an intermediate layer (for example, a Si0 2 
film) 142, and an amorphous silicon layer (for example, 30 
formed by the LPCVD method) 143 are laminated in turn 
on a transmitting substrate (for example, a quartz sub- 
strate) 1 00, and then the entire surface of the amorphous 
silicon layer 413 is irradiated with a laser beam from 
above to anneal it. As a result, the amorphous silicon 35 
layer 143 is recrystallized to form a polysilicon layer. Un- 
like beam scanning of the above-described separation 
layer 120, in this laser annealing carried out by beam 
scanning, the same position is preferably irradiated with 
light at least twice so that the beam centers are over- 40 
lapped with each other (except Gaussian beams). This 
is because the amorphous silicon layer 143 can be suf- 
ficiently recrystallized by multiple irradiation without prob- 
lems such as light leakage. 

[0090] The step of implanting the separation acceler- 45 

ating ions is preferably carried out at an execution time 

after the formation of the separation layer and before the 

laser annealing step for recrystallization because the ions 

can be implanted without the need for a mask. 

[0091] Therefore, the execution time is any one of the so 

following: 

(A) After the formation of the separation layer 180 
and before the intermediate layer 142 shown in Fig. 8 

(B) After the formation of the intermediate layer 142 55 
and before the formation of the amorphous silicon 
layer 143 

(C) After the formation of the amorphous silicon layer 



143 and before the laser annealing step for crystal- 
lization of these times (A). (B) and (C), execution 
time (C) is most preferable. The reason for this is 
that in the step of forming the amorphous silicon layer 
143, i.e., in the step of forming a channel layer, the 
process temperature is about 425°C under present 
conditions. In this step, when hydrogen ions has pre- 
viously been implanted as the separation accelerat- 
ing ions in the separation layer 120, hydrogen pos- 
sibly escapes from the separation layer 1 20 at a tem- 
perature of 350°C or more. Therefore, the step of 
implanting the separation accelerating ions is pref- 
erably carried out at the execution time (C) after the 
formation of the channel layer. However, the execu- 
tion time is not limited according to the type of the 
accelerating ions used, and the step can also be car- 
ried out at execution time (A) or (B). Also, the layer 
formed by recrystallization of the amorphous silicon 
layer 143 by laser annealing is preferably not dam- 
aged due to implantation of the separation acceler- 
ating ions from the viewpoint of transistor character- 
istics. 

[0092] In the case of (A) or (B), no damage occurs, 
while in the case of (C), even if the amorphous silicon 
layer 43 is damaged, the effect of the damage is de- 
creased by the subsequent crystallization step. 
[0093] The step of implanting the separation acceler- 
ating ions can be carried out by using a known ion im- 
plantation apparatus. Namely, for example, when hydro- 
gen ions are implanted, gas plasma containing hydrogen 
is formed, and the produced hydrogen ions are acceler- 
ated by an electric field to be implanted in the separation 
layer 120. 

[0094] The ion implantation step may be carried out at 
execution time (D) after laser annealing. In this case, the 
ions can be implanted with the channel region masked, 
without deteriorating transistor characteristics. The mask 
is removed after the ion implantation step. 

(Step 2) 

[0095] Then, as shown in Fig. 9 the polysilicon layer 
obtained by laser annealing is patterned to form islands 
144a and 144b as a channel pattern. 
[0096] Besides the above-described execution times 
(A) to (D), the step of implanting the separation acceler- 
ating ions can also be carried out at execution time (E) 
after the second step (the step of forming the channel 
pattern). In this case, as shown in Fig. 31 , a micro pattern 
201 is previously formed on portions of the islands 144a 
and 144b, which are opposite to the channel regions in 
the islands 144a and 144b. In this state, the separation 
accelerating ions, for example, hydrogen ions, are im- 
planted in the separation layer 120. This prevents the 
channel regions from containing hydrogen, without de- 
teriorating the transistor characteristics. After the step of 
implanting the separation accelerating ions is finished, 
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the mask pattern 201 is removed. 
(Step 3) 

[0097] As shown in Fig. 1 0, gate insulation films 148a 
and 148b are formed by, for example, the CVD method 
to cover the islands 144a and 144b, respectively. 
[0098] Besides the above-described execution times 
(A) to (E), the step of implanting the separation acceler- 
ating ions can also be carried out at execution time (F) 
after the third step (gate insulation film). In this case, as 
shown in Fig. 32, a mask pattern 202 is preferably pre- 
viously formed on portions of the gate insulation films 
1 48a and 1 48b, which are opposite to the chan nel regions 
in the islands 144a and 144b. 

(Step 4) 

[0099] As shown in Fig. 1 1 , gate electrodes 1 50a and 
1 50b made of polysilicon or a metal are formed. 



(95%) is formed, and the produced phosphorus ions and 
hydrogen ions are accelerated to be introduced into the 
substrate through a mass analyzer. As a result, even at 
the same acceleration voltage, phosphorus ions having 
5 higher mass are stopped in the polycrystalline silicon lay- 
er on the upper layer side, while hydrogen ions having 
lower mass are implanted deep and reach the separation 
layer 120. 

[0105] Although the gate electrode 150a functions as 
io the same as the mask pattern 201 shown in Fig. 31 or 
the mask pattern 202 shown in Fig. 32, a mask layer can 
be further provided on the gate electrode 1 50a according 
to the acceleration voltage. 

[0106] The execution times (G) and (H) of the step of 
*5 implanting the separation accelerating ions are the same 
as the steps of implanting impurity ions in the source and 
drain regions in the steps 5 and 6, respectively. However, 
the step of implanting the separation accelerating ions 
may be separately earned out before or after the steps 
20 5 and 6. 



(Step 5) 



(Step 7) 



[0100] As shown in Fig. 12, a mask layer 170 made of 
polyimide or the like is formed for implanting, for example, 
boron (B) ions, in self alignment by using the gate elec- 
trode 1 50b and the mask layer 1 70 as a mask. As a result, 
p + layers 172a and 172b are formed. 
[0101] Besides the above-described execution times 
(A) to (F), the step of implanting the separation acceler- 
ating ions can also be carried out at execution time (G) 
at the same time as the boron ion implanting step. In this 
case, plasma of a gas mixture of B 2 H 6 (5%) + H 2 (95%) 
is formed, and the produced boron ions and hydrogen 
ions are accelerated to be introduced into the substrate 
through a mass analyzer. As a result, even at the same 
acceleration voltage, boron ions having higher mass are 
stopped in the polycrystalline silicon layer on the upper 
layer side, while hydrogen ions having lower mass are 
implanted deep and reach the separation layer 120. 
[0102] Although the gate electrode 1 50b functions as 
the same as the mask pattern 201 shown in Fig. 31 or 
the mask pattern 202 shown in Fig. 32, a mask layer can 
be further provided on the gate electrode 1 50b according 
to the acceleration voltage. 

(Step 6) 

[0103] As shown in Fig. 1 3, a mask layer 1 74 made of 
polyimide or the like is formed for implanting, for example, 
phosphorus (P) ions, in seff alignment by using the gate 
electrode 150a and the mask layer 1 74 as a mask. As a 
result, n + layers 146a and 146b are formed. 
[0104] Besides the above-described execution times 
(A) to (G), the step of implanting the separation acceler- 
ating ions can also be carried out at execution time (H) 
at the same time as the phosphorus ion implanting step. 
In this case, plasma of a gas mixture of PH 3 (5%) + H2 



[0107] AsshowninFig. 14, an interlayer insulation film 
25 1 54 is formed, contact holes are selectively formed, and 
then electrodes 152a to 152d are formed. 
[0108] The thus-formed CMOS structure TFT corre- 
sponds to the layer to be transferred (thin film device 
layer) 140 shown in Figs. 2 to 6. A protective film may 
30 also be formed on the interlayer insulation film 154. 

(Step 8) 

[0109] As shown in Fig. 15, an epoxy resin layer 160 
35 is formed as an adhesive layer on the CMOS structure 
TFT, and the TFT is bonded to the transfer material (for 
example, a soda glass substrate) 180 through the epoxy 
resin layer 1 60. Then, the epoxy resin is cured by heating 
to bond (join) the transfer material 180 and the TFT. 
40 [0110] The adhesive layer 160 may be made of a pho- 
topolymer resin which is an ultraviolet curable adhesive. 
In this case, the polymer is cured by ultraviolet irradiation 
from the transfer material 180 side, not by heating. 

45 (Step 9) 

[01 1 1] As shown in Fig. 16, the transmitting substrate 
100 is irradiated with, for example, Xe-CI excimer laser 
light from the rear side thereof. This causes separation 
50 in the separation layer 120 and/or the interface thereof. 

(Step 10) 



55 



[0112] AsshowninFig. 17, the substrate 100 is peeled. 
(Step 11) 

[0113] Finally, the separation layer 1 20 is removed by 
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etching. Consequently, as shown in Fig. 18, the CMOS 
structure TFT is transferred to the transfer material 180. 

<Second Embodiment 

[0114] A second embodiment of the present invention 
will be described with reference to Figs. 33 to 35. In this 
second embodiment, a layer 140 to be transferred, which 
comprises a thin film device layer, is transferred twice, 
and thus the steps shown in Figs. 33 to 35 are added to 
the steps of the first embodiment shown in Figs. 1 to 6. 
[0115] In the second embodiment, the separation layer 
120 shown in Figs. 2 to 5 are referred to as a "first sep- 
aration layer". In the second embodiment, the adhesive 
layer 160 shown in Figs. 3 to 6 is also referred to as a 
"second separation layer". In the second embodiment, 
furthermore, the transfer material 180 shown in Figs. 3 
to 6 is referred to as a "primary transfer material". There- 
fore, in the second embodiment, the layer 1 40 to be trans- 
ferred is transferred to the primary transfer material 180 
through the second separation layer 160 after the step 
shown in Fig. 6 is completed. 

[01 16] In the second embodiment, as the material of 
the second separation layer 160, a heat melting adhe- 
sive, a water-soluble adhesive and the same materials 
as the first separation layer 120 can be used. In this case, 
in order to facilitate separation with the second separa- 
tion layer 160, the ion implantation described above in 
the first embodiment is carried out. 
[0117] Description will be made of additional steps 1 
to 3 shown in Figs. 33 to 35, which are carried out after 
the step shown in Fig. 6. 

[Additional step 1] 

[0118] Subsequently to the step shown in Fig. 6, as 
shown in Fig. 33, a secondary transfer layer 200 is bond- 
ed to the lower side (the exposed surface) of the thin film 
device layer 140 through an adhesive layer 190. 
[0119] Preferable examples of the adhesive which 
constitutes the adhesive layer 190 include various cura- 
ble adhesives such as reactive curable adhesives; ther- 
mal curable adhesives; light curable adhesives such as 
ultraviolet curable adhesives. and the like; anaerobic cur- 
able adhesives, and the like. As the composition of the 
adhesive layer, any of epoxy, acryiate and silicone types, 
and the like may be used. The adhesive layer 190 is 
formed by, for example, the coating method. 
[01 20] In the use of one of the curable adhesives, for 
example, the curable adhesive is coated on the lower 
side of the layer to be transferred (thin film device layer) 
140. and the secondary transfer material 200 is joined to 
the adhesive layer which is then cured by a curing method 
according to the characteristics of the curable adhesive 
used to bond and fix the layer to be transferred (thin film 
device layer) 140 and the secondary transfer material 
200. 

[0121] In the case of a light curable adhesive, irradia- 



tion of light is preferably effected from the outside of the 
light transmitting secondary transfer material 200. When 
a light curable adhesive such as an ultraviolet curable 
adhesive or the like, which having little effect on the thin 
5 film device layer, is used as the adhesive, light irradiation 
may be effected from the light transmitting primary trans- 
fer material 180 side or both sides of the light transmitting 
primary and the secondary transfer materials 180 and 
200. 

10 [0122] Unlike the structure shown in the drawing, the 
adhesive layer 190 may be formed on the secondary 
transfer material 200 side, and the layer to be transferred 
(thin film device layer) 140 may be bonded thereto. For 
example, when the secondary transfer material 200 has 

*5 an adhesive function, the adhesive layer 190 may be 
omitted. 

[0123] Although the secondary transfer material 200 
is not limited, a substrate (plate material), particularly a 
transparent substrate, can be used. Such a substrate 

20 may be either a flat plate or a curved plate. 

[0124] The secondary transfer material 200 may have 
the characteristic that the heat resistance and abrasion 
resistance are lower than the substrate 1 00. The reason 
for this is that in the present invention, the layer to be 

25 transferred (thin film device layer) 140 is formed on the 
substrate 1 00 side, and then transferred to the secondary 
transfer material 200, and thus characteristics required 
for the secondary transfer material 200, particularly heat 
resistance, do not depend upon the temperature condi- 

30 tion and the like in formation of the layer to be transferred 
(thin film device layer) 140. This point is true for the pri- 
mary transfer material 180. 

[0125] Therefore, if the highest temperature in forma- 
tion of the layer 140 to be transferred is Tmax, a material 

35 having a glass transfer point (Tg) or softening point lower 
than Tmax can be used as the constituent material of the 
primary and secondary transfer materials 180 and 200. 
For example, each of the primary and secondary transfer 
materials 180 and 200 comprises a material preferably 

40 having a glass transition point (Tg) or softening pint of 
800°C or less, more preferably 500°C or less, most pref- 
erably 320°C or less. 

[0126] The primary and secondary transfer materials 
180 and 200 preferably have some degree of rigidity 

45 (strength) as a mechanical characteristic, but both ma- 
terials may have flexibility or elasticity. 
[0127] Examples of such constituent materials of the 
primary and secondary transfer materials 180 and 200 
include various synthetic resins and various glass mate- 

50 rials. Particularly, various synthetic resins and ordinary 
(low-melting-point) inexpensive glass materials are pref- 
erably used. 

[0128] The synthetic resins may be either thermoplas- 
tic resins or thermosetting resins. Examples of such res- 
55 ins include polyoleflns such as polyethylene, polypropyl- 
ene, ethylenepropytene copolymers, ethyl-vinyt acetate 
copolymers (EVA), and the like; cyclic polyolefins; mod- 
ified polyolefins; polyvinyl chlorides; polyvinylidene chlo- 
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rides; polystyrenes; polyamides; polymides; polyamide- 
imide; polycarbonate; poly-(4-methylpentene-1 ); iono- 
mers; acrylic resins; polymethyl methacrylate; acryl-sty- 
rene copolymers (AB resins); butadiene-styrene copoly- 
mers; polyo copolymers (EVOH); polyesters such as pol- 5 
yethylene terephthalate (PET), polybutytene terephtha- 
late (PBT), polycyclohexane terephthalate (PCT), and 
the like; polyether, polyether ketone (PEK), polyether 
ether ketone (PEEK), polyether imide, polyacetal (POM), 
polyphenyteneoxide, modified polyphenyleneoxide, 10 
polyacrylate, aromatic polyester (liquid crystal polymers), 
polytetrafluoroetheylene, polyvinylidene fluoride, other 
various thermoplastic elastomers of styrene type, poly- 
olefin type, polyvinyl chloride type, polyurethane type, 
fluororubber type, chlorinated polyethylene type, and the is 
like; epoxy resins, phenol resins; urea resins; melamine 
resins; unsaturated polyester; silicone resins; poly- 
urethane; copolymers, blends, polymer alloys, and the 
like, which contain these resins as main components. 
These resins can be used singly or in combination of at 20 
least two (for example, as a laminate of at least two lay- 
ers). 

[0129] Examples of the glass materials include silicate 
glass (quartz glass), alkali silicate glass, soda-lime glass, 
potash lime glass, lead (alkali) glass, barium glass, boro- 25 
silicate glass, and the like. With the exception of silicate 
glass, these types of glass desirably have low melting 
points, and are relatively easy to mold and process and 
inexpensive, as compared with silicate glass. 
[0130] In the use of the secondary transfer material 30 
200 made of a synthetic resin, the large secondary trans- 
fer material 200 can be integrally formed, and a compli- 
cated shape having a curved surface or unevenness can 
easily be produced, with various advantages of low ma- 
terial cost and production cost Therefore, the use of a 35 
synthetic resin is advantageous for producing an inex- 
pensive large device (for example, a liquid crystal dis- 
play). 

[0131] The secondary transfer material 200 may con- 
stitute an independent device by itself, for example, such *o 
as a liquid crystal cell, or constitute a portion of a device, 
for example, such as a color filter, an electrode layer, a 
dielectric layer, an insulation layer, or a semiconductor 
device. 

[01 32] Also each of the primary and secondary transfer 
materials 180 and 200 may comprise a material such as 
a metal, ceramic, a stone, wood paper, or the like, or any 
desired surface (the surface of a watch, an air condition- 
er, a printed board, or the like) which constitutes an arti- 
cle, or a surface of a structure such as a wall, a column, so 
a ceiling, window glass, or the like. 

[Additional step 2] 

[0133] Next, as shown in Fig. 34, a heat-melting ad- 55 
hesive layer 160 as a second separation layer is heat- 
melted by heating. As a result, the adhesive force of the 
heat-melting adhesive layer 160 is weakened, enabling 



452 B1 24 

separation of the primary transfer material 180 from the 
thin film device layer 140. The heat-melting adhesive 
which adheres to the primary transfer material 180 is re- 
moved for permitting repeated reuse of the primary trans- 
fer material 180. 

[0 1 34] In the use of the above-described water-soluble 
adhesive for the second adhesive layer 160, a region 
including at least the second adhesive layer 1 60 may be 
brought into contact with water, and preferably dipped in 
pure water. In the use of the above-described organic- 
solvent-soluble adhesive for the second adhesive layer 
160, a region including at least the second adhesive layer 
1 60 may be brought into contact with an organic solvent. 
In the use of the above-described adhesive exhibiting 
the separation function by heating or ultraviolet inadiation 
for the second adhesive layer 160, a region including at 
least the second adhesive layer 160 may be heated or 
irradiated with ultraviolet rays through another layer. In 
the use of an ablation layer as the second separation 
layer, like the first separation layer 120, the separation 
phenomenon is produced in the secondary separation 
layer by light irradiation. At this time, separation is accel- 
erated by the effect of implanted ions. 

[Additional step 3] 

[0135] Finally, the second separation layer 160 which 
adheres to the surface of the thin film device 140 is re- 
moved to obtain the thin film device layer 140 transferred 
to the secondary transfer material 200, as shown in Fig. 
35. The laminate relation of the thin film device layer 140 
to the primary transfer material 200 is the same as the 
initial laminate relation of the thin film device layer 140 
to the substrate 100 shown in Fig. 2. 
[01 36] The layer to be transferred (thin film device lay- 
er) 140 is completely transferred to the secondary trans- 
fer material 200 through the above-mentioned steps. 
Then, a Si0 2 film adjacent to the layer to be transferred 
(thin film device layer) 140 may be removed, or a con- 
ductive film such as wiring or the like and a desired pro- 
tective film may be formed on the layer 140 to be trans- 
ferred. 

[0137] In the second embodiment, the layer to be 
transferred (thin film device layer) 140 serving as an ob- 
ject to be separated is separated at the first separation 
layer 1 20 and the second separation layer 1 60 and trans- 
ferred to the secondary transfer material 200, not sepa- 
rated directly. Thus, the object to be separated (the layer 
1 4 0 to be transferred) can readily, securely and uniformly 
be transferred regardless of the characteristics and con- 
ditions of the layer 140 to be transferred, without dam- 
aging the object to be separated (the layer 140 to be 
transfened) in the separating operation, thereby main- 
taining the high reliability of the layer 140 to be trans- 
ferred. 
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Examples 

[0138] By using the techniques described above in the 
first and second embodiments, a microcomputer com- 
prising a thin film device can be formed on a desired 5 
substrate, for example, as shown in Fig. 19(a). 
[0139] Referring to Fig. 19(a), CPU 300, RAM 320, and 
an input/output circuit 360, each of which comprises a 
circuit formed by using a thin film device, and a solar cell 
340 comprising an amorphous silicon PIN junction for 10 
supplying a source voltage to these circuits are mounted 
on a flexible substrate 182 comprising plastic or the like. 
[0140] The microcomputer shown in Fig. 19(a) is 
formed on the flexible substrate, and thus has the prop- 
erties that it is strong against bending, as shown in Fig. 15 
19(b), and against falling because of its light weight. 
[0141] Description is made of the process for manu- 
facturing an active matrix liquid crystal display device us- 
ing an active matrix substrate by using the above-de- 
scribed technique for transferring a thin film device, as 20 
shown in Figs. 20 and 21. 

(Configuration of liquid crystal display device) 

[0142] As shown in Fig. 20, an active matrix liquid crys- 25 
tal display device comprises an illumination light source 
4 00 such as a back light, a polarizer 420, an active matrix 
substrate 440, a liquid crystal 460, a counter substrate 
480, and a polarizer 500. 

[0143] When a flexible substrate such as a plastic film 30 
or the like is used as the active matrix substrate 440 and 
the counter substrate 480 of the present invention, by 
using a reflecting plate in place of the illumination light 
source 400 to form a reflective liquid crystal panel, it is 
possible to realize an active matrix liquid crystal panel 35 
having flexibility, impact resistance and lightweight. The 
formation of pixel electrodes made of a metal makes the 
reflecting plate and the polarizer 420 unnecessary. 
[0144] The active matrix substrate440 used in this em- 
bodiment isanactive matrix substrate with a built-in driver <o 
in which TFTs are arranged in a pixel region 442, and a 
driver circuit (a scanning line driver and a data line driver) 
444 is mounted on the substrate. 
[0145] Fig. 21 is a sectional view showing a principal 
portion of the active matrix liquid crystal display device, *5 
and Fig. 22 is a drawing showing the circuit configuration 
of the principal portion of the liquid crystal display device. 
[0146] As shown in Fig. 22, the pixel region 442 com- 
prises the liquid crystal 460 and TFT (M1) which includes 
a gate connected to a gate line G1 , and source and drain so 
one of which is connected to a data line D1 . the other 
being connected to the liquid crystal 460. 
[0147] The driver region 444 comprises TFT (M2) 
formed by the same process as TFT (M1) of the pixel 
region. 55 
[0148] As shown on the left of Fig. 21 , TFT (M1) of the 
pixel region 442 comprises source and drain layers 
1100a and 1100b, a channel 1100e, a gate insulation 



film 1200a, a gate electrode 1300a, an insulation film 
1 500, and source and drain electrodes 1400a and 1400b. 
[0149] Reference numeral 1 700 denotes a pixel elec- 
trode, and reference numeral 1702 denotes a region (a 
voltage applying region for the liquid crystal) where a 
voltage is applied to the liquid crystal from the pixel elec- 
trode 1700. In Fig. 21, an alignment film is omitted. The 
pixel electrode 1 700 is made of ITO (in the case of a 
transmissive liquid crystal panel) or a metal (in the case 
of a reflective liquid crystal panel) such as aluminum. 
Although, in Fig. 21, an under insulation film (intermedi- 
ate layer) 1000 below the pixel electrode 1700 is com- 
pletely removed from the voltage applying region 1702 
for the liquid crystal, the configuration is not necessarily 
limited to this, and the under insulation film (intermediate 
layer) 1000 may be left when it is thin and does not in- 
terfere with voltage application to the liquid crystal. 
[0150] As shown on the right of Fig. 21, TFT (M2) which 
constitutes the driver region 444 comprises source and 
drain layers 1100c and 1100d, a channel 1100f, a gate 
insulation film 1200b, a gate electrode 1300b, an insula- 
tion film 1500 and source and drain electrodes 1400c 
and 1400d. 

[0151] In Fig. 21, reference numeral 480 denotes, for 
example, a counter substrate (for example, a soda glass 
substrate), and reference numeral 482 denotes a com- 
mon electrode. Reference numeral 1000 denotes a Si0 2 
film, reference numeral 1600 denotes an interlayer insu- 
lation film (for example, a Si0 2 film), and reference nu- 
meral 1800 denotes an adhesive layer. Reference nu- 
meral 1900 denotes a substrate (transfer material) com- 
prising, for example, a soda glass substrate. 

(Process for manufacturing liquid crystal display device) 

[01 52] The process for manufacturing the liquid crystal 
display device shown in Fig. 21 will be described with 
reference to Figs. 23 to 27. 

[0153] First, the TFTs (M1 and M2) shown in Fig. 23 
are formed on a substrate (for example, a quartz sub- 
strate) 3000 with high reliability, which transmits laser 
beams, through the same production process as shown 
in Figs. 8 to 18, and the protective film 1600 is then 
formed. In Fig. 23, reference numeral 3100 denotes a 
separation layer (laser absorbing layer) in which the sep- 
aration accelerating ions are implanted. In Fig. 23, both 
TFTs (M1 and M2) are n-type MOSFET. However, TFT 
is not limited to this, and it may be either p-type MOSFET 
or CMOS structure TFT. 

[0154] Next, as shown in Fig. 24, the protective film 
1600 and the under insulation film 1000 are selectively 
etched to selectively form apertures 4000 and 4200. The 
two apertures are simultaneously formed by using a com- 
mon etching step. Although, in Fig. 24, the under insula- 
tion film (intermediate layer) 1000 is completely removed 
from the aperture 4200, the configuration is not limited 
to this, and the under insulation film (intermediate layer) 
1000 may be left when it is thin and does not interfere 
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with voltage application to the liquid crystal. 
[0155] Next, as shown in Fig. 25, the pixel electrode 
1 700 made of an I TO film or a metal such as aluminum 
is formed. By using the ITO film and a metal such as 
aluminum, a transmissive liquid crystal panel and a re- 5 
flective liquid crystal panel, respectively, are formed. 
[0156] Next, as shown in Fig. 26, the substrate 1900 
is joined (bonded) through the adhesive layer 1800. 
[01 57] Then, as shown in Fig. 26, the substrate 3000 
is inadiated with excimer laser light from the rear side io 
thereof to produce the separation phenomenon in the 
separation layer 3100 by using the action of the separa- 
tion accelerating ions. Then, the substrate 3000 is 
peeled. At this time, only a little force is required for peel- 
ing the substrate 3000 without mechanical damage to 15 
the TFT. 

[0156] Next, the separation layer (laser absorbing lay- 
er) 3100 is removed. As a result, the active matrix sub- 
strate 440 is completed, as shown in Fig. 27. The bottom 
(the region denoted by reference numeral 1702) of the 20 
pixel electrode 1700 is exposed to permit electric con- 
nection with the liquid crystal. Then, the alignment film 
is formed on the surface of the insulation film (the inter- 
mediate film of Si0 2 ) 1000 and the surface of the pixel 
electrode 1700 of the active matrix substrate 440, fol- 25 
lowed by alignment processing. In Fig. 27, the alignment 
film is omitted. 

[0159] Then, the active matrix substrate 440 shown in 
Fig. 21 and the counter substrate 480 in which the com- 
mon electrode is formed on the surface thereof opposite so 
to the pixel electrode 1700, and the surface is subjected 
to alignment processing are sealed with a sealant (a seal- 
ing material), and the liquid crystal is sealed in the space 
between both substrates to complete the liquid crystal 
display device shown in Fig. 21. 35 
[01 60] Fig. 28 shows a further example. 
[0161] In this example, the above-described method 
of transferring a thin film device is carried out a plurality 
of times to transfer a plurality of patterns including a thin 
film device onto a substrate (transfer material) larger than <o 
the initial substrate, finally forming a large scale active 
matrix substrate. 

[0162] Namely, transfer to a large substrate 7000 is 
executed a plurality of times to form pixel regions 7100a 
to 71 OOP. In each of the pixel regions, TFT and wiring 45 
are formed, as shown by a one-dot chain line in the upper 
portion of Fig. 28. In Fig. 28, reference numeral 7210 
denotes a scanning line; reference numeral 7200, a sig- 
nal line; reference numeral 7220, a gate electrode; ref- 
erence numeral 7230, a pixel electrode. so 
[01 63] A thin film pattern can be transferred a plurality 
of times by repeatedly using a substrate with high relia- 
bility or a plurality of first substrates to form a large scale 
active matrix substrate on which thin film devices with 
high reliability are mounted. 55 
[01 64] Fig. 29 shows a further example. 
[01 65] This example uses the above-described meth- 
od of transferring a thin film device and the method is 



performed a plurality of times to transfer a plurality of 
patterns including thin film devices (namely, thin film de- 
vices having different minimum line widths) having dif- 
ferent design rules (namely, design rules for pattern de- 
sign) onto a substrate larger than the original substrate. 
[01 66] In Fig. 29, in an active matrix substrate provided 
with drivers, driver circuits (8000 to 8032) formed by a 
production process finer than the pixel regions (7100a to 
7100p) are formed in the periphery of a substrate 6000 
by a plurality of times of transfer. 
[01 67] Since a shift register which constitutes each of 
the driver circuits functions in a logic level at a low voltage, 
and thus requires only low voltage resistance, as com- 
pared with pixel TFT, TFT of the driver circuits can be 
made finer than the pixel TFT to achieve high integration. 
[0168] This example enables realization of a plurality 
of circuits having different design rule levels (namely, dif- 
ferent production processes) on a substrate. Like the pix- 
el TFT, sampling means (the thin film transistor M2 shown 
in Fig. 22) for sampling a data signal by controlling a shift 
register requires high voltage resistance, and thus may 
be formed by the same process on the same design rule 
as the pixel TFT. 

[Examples] 

[0169] Examples of the present invention will be de- 
scribed below. 

(Example 1) 

[0170] A quartz substrate (softening point 1630°C, 
strain point: 1070°C, transmittance for excimer laser: 
about 1 00%) of 50 mm long x 50 mm wide x 1 . 1 mm thick 
was prepared, and an amorphous silicon (a-Si) film was 
formed as a separation layer (laser absorbing layer) on 
one side of the quartz substrate by the low-pressure CVD 
method (Si 2 H 6 gas, 425°C). The thickness of the sepa- 
ration layer was 100 nm. 

[01 71] Next, a Si0 2 film was formed as an intermediate 
layer by the ECR-CVD method (SiH 4 + 0 2 gas, 425°C) 
on the separation layer. The thickness of the intermediate 
layer was 200 nm. 

[01 72] Next, an amorphous silicon film having a thick- 
ness of 50 nm was formed as a layer to be transferred 
on the intermediate layer by the low-pressure CVD meth- 
od (Si 2 H 6 gas, 425°C), and then crystallized by irradiation 
of laser light (wavelength 308 nm) to form a polysilicon 
film. Then, the polysilicon film was subjected to prede- 
termined patterning to form regions serving as source, 
drain and channel of a thin film transistor. Then, a gate 
insulation film Si0 2 of 1 200 nm was formed by the TEOS- 
CVD method (SiH 4 + 0 2 gas), and a gate electrode (a 
structure in which a high-melting-point metal such as Mo 
or the like was laminated on polysilicon) was formed on 
the gate insulation film, followed by ion implantation using 
the gate electrode as a mask (o form source and drain 
regions in self alignment, forming a thin film transistor. 
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At the same time, hydrogen ions were implanted in the 
separation layer. Then, an electrode and wiring which 
are connected to the source and drain regions, and wiring 
connected to the gate electrode are formed according to 
demand. Although these electrodes and wiring are made 5 
of Al, the material is not limited to this. When there is 
anxiety for melting of Al by laser irradiation in the subse- 
quent step, a metal (which is not melted by laser irradi- 
ation in the subsequent step) having a higher melting 
point than Al may be used. 10 
[0173] Next, an ultraviolet curable adhesive (thick- 
ness: 1 00 p.m) was coated on the thin film transistor, and 
a large transparent glass substrate (soda glass, softening 
point: 740°C, strain point: 51 1°C) of 200 mm long x 300 
mm wide x 1 . 1 mm thick was joined as a transfer material 15 
to the coating. Then, the adhesive was cured by ultravi- 
olet irradiation from the glass substrate side to bond and 
fix the glass substrate. 

[01 74] Next, beam scan is earned out by irradiation of 
Xe-XI excimer laser (wavelength: 308 nm) from the 20 
quartz substrate side to produce separation (in-layer sep- 
aration and interface separation) in the separation layer, 
as shown in Figs. 31 to 35. The energy density of the 
irradiating Xe-CI excimer laser was 250 mL/cm 2 , and the 
irradiation time was 20 nsec. The excimer laser irradia- 25 
tion includes spot beam irradiation and line beam irradi- 
ation. In the spot beam irradiation, a predetermined unit 
region (for example, 8 mm x 8 mm) was irradiated by a 
spot, and the spot irradiation was continued by beam 
scanning so that the irradiation regions do not overlap 30 
each other (do not overlap in the longitudinal and lateral 
directions). In the line beam irradiation, a predetermined 
unit region (for example, 378 mm x 0.1 mm or 378 mm 
x 0.3 mm (the region where 90% or more of energy can 
be obtained)) was irradiated by beam scanning so that 35 
the irradiation regions do not overlap each other. 
[0175] Then, the quartz substrate was separated from 
the glass substrate (transfer material) at the separation 
layer to transfer the thin film transistor and the interme- 
diate layer formed on the quartz substrate to the glass <o 
substrate side. 

[01 76] Then, the separation layer which adhered to the 
surface of the intermediate layer on the glass substrate 
side was removed by etching, washing or combination 
thereof. The quartz substrate was processed by the same 
method and then reused. 

[01 77] If the glass substrate as the transfer material is 
larger than the quartz substrate, the transfer from the 
quartz substrate to the glass substrate of this example 
can be repeatedly carried out for different plane regions so 
to form more thin film transistors on the glass substrate 
than the thin film transistors which can be formed on the 
quartz substrate. In addition, thin film transistors can be 
laminated on the glass substrate to form more thin film 
transistors. 55 



(Example 2) 

[0178] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised an amorphous silicon film containing 20 at% 
of H (hydrogen) and formed by the separation layer form- 
ing process. 

[01 79] The H content of the amorphous silicon film was 
adjusted by appropriately setting deposition conditions 
of the low-pressure CVD method. 

(Example 3) 

[0180] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised a ceramic thin film (composition: PbTi0 3 , 
thickness: 200 nm) formed by the sol-gel method using 
spin coating. 

(Example 4) 

[0181] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised a ceramic thin film (composition: BaTi0 3 , 
thickness: 400 nm) formed by sputtering. 

(Example 5) 

[0182] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised a ceramic thin film (composition: Pb(Zr, Ti)0 3 
(PZT), thickness: 50 nm) formed by the laser ablation 
method. 

(Example 6) 

[0183] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised a polyimide film (thickness: 200 nm) formed 
by spin coating. 

(Example 7) 

[0184] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised a polyphenylene sulfide film (thickness: 200 
nm) formed by spin coating. 

(Example 8) 

[0185] The same transfer of a thin film transistor as 
Example 1 was repeated except that the separation layer 
comprised an A1 film (thickness: 300 nm) formed by sput- 
tering. 

(Example 9) 

[0186] The same transfer of a thin film transistor as 
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Example 2 was repeated except that Kr-F excimer laser 
(wavelength: 248 nm) was used as irradiating light. The 
energy density of the irradiating light was 250 mJ/cm 2 , 
and the irradiation time was 20 nsec. 

5 

(Example 10) 

[0187J The same transfer of a thin film transistor as 
Example 2 was repeated except that Nd-YAIG laser 
(wavelength: 1 068 nm) was used as irradiating light. The 10 
energy density of the irradiating light was 400 mJ/cm 2 , 
and the irradiation time was 20 nsec. 

(Example 11) 

15 

[0188] The same transfer of a thin film transistor as 
Example 1 was repeated except that a thin film transistor 
comprising a polysilicon film (thickness 80 nm) formed 
by a high temperature process at 1000°C was used as 
a layer to be transferred. 20 

(Example 12) 

[0189] The same transfer of a thin film transistor as 
Example 1 was repeated except that a transparent sub- 25 
strate made of polycarbonate (glass transition point: 
130°C) was used as a transfer material. 

(Example 13) 

30 

[0190] The same transfer of a thin film transistor as 
Example 2 was repeated except that a transparent sub- 
strate made of an AS resin (glass transition point: 70 to 
90°C) was used as a transfer material. 

35 

(Example 14) 

[0191] The same transfer of a thin film transistor as 
Example 3 was repeated except that a transparent sub- 
strate made of polymethyl methacrylate (glass transition *o 
point: 70 to 90°C) was used as a transfer material. 

(Example 15) 

[0192] The same transfer of a thin film transistor as *5 
Example 5 was repeated except that a transparent sub- 
strate made of polyethylene terephthalate (glass transi- 
tion point: 67°C) was used as a transfer material. 

(Example 16) so 

[0193] The same transfer of a thin film transistor as 
Example 6 was repeated except that a transparent sub- 
strate made of high-density polyethylene (glass transition 
point: 77 to 90°C) was used as a transfer material. & 



(Example 1 7) 

[0194] The same transfer of a thin film transistor as 
Example 9 was repeated except that a transparent sub- 
strate made of polyamide (glass transition point: 145°C) 
was used as a transfer material. 

(Example 18) 

[0195] The same transfer of a thin film transistor as 
Example 10 was repeated except that a transparent sub- 
strate made of an epoxy resin (glass transition point: 
120°C) was used as a transfer material. 

(Example 19) 

[0196] The same transfer of a thin film transistor as 
Example 1 1 was repeated except that a transparent sub- 
strate made of polymethyl methacrylate (glass transition 
point: 70 to 90°C) was used as a transfer material. 
[0197] As a result of visual and microscopic observa- 
tion of the state of the thin film transistor transferred in 
each of Examples 1 to 19, defects and nonuniformity 
were not observed in all transistors, indicating uniform 
transfer. 

[0198] As described above, the use of the transfer 
technique of the present invention enables transfer of a 
thin film device (a layer to be transferred) to various trans- 
fer materials, particularly enables separation of a sub- 
strate required for transfer without the action of excessive 
force. Therefore, a thin film can be formed, by transfer, 
on objects made of a material on which a thin film cannot 
be formed directly or which is unsuitable for forming a 
thin film, a material easy to mold, an inexpensive material, 
and the like, and a large object which is difficult to move. 
[0199] Particularly, as a transfer material, materials 
having the characteristic that the heat resistance and 
abrasion resistance are lower than the substrate mate- 
rial, such as various synthetic resins and low-melting- 
point glass materials, can be used. Therefore, for exam- 
ple, in manufacturing a liquid crystal display comprising 
thin film transistors (particularly, polysilicon TFT) formed 
on a transparent substrate, a quartz substrate having ex- 
cellent heat resistance can be used as the substrate, and 
an inexpensive transparent substrate easy to process, 
such as various synthetic resins and low- melting-point 
glass materials, can be used as the transfer material, 
thereby readily producing a large inexpensive liquid crys- 
tal display. Such an advantage applies to manufacture 
of a liquid crystal display as well as other devices. 
[0200] In addition to the above advantages, a layer to 
be transferred, such as a functional thin film, can be 
formed on a substrate having high reliability, particularly 
a substrate having high heat resistance, such as a quartz 
glass substrate, and then patterned, and thus a functional 
film having high reliability can be formed on a transfer 
material regardless of the characteristics of the transfer 
material. 
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[0201] Although such a substrate with high reliability 
is expensive, the substrate can be reused, decreasing 
the production cost. 

Industrial Applicability 

[0202] As described above, the method of separating 
a thin film device and the method of transferring a thin 
film device of the present invention can be applied to a 
thin film device, an active matrix substrate, a liquid crystal 
display device, etc. Besides TFT, thin film devices include 
a thin film diode, a photoelectric transducer (optical sen- 
sor and solar cell) and a silicon resistor element, which 
comprise a PIN junction of silicon, other thin film semi- 
conductor devices, an electrode (for example, a trans- 
parent electrode made of ITO or mesa film), a switching 
element, memory, an actuator such as a piezoelectric 
element, a micro mirror (piezo thin film ceramics), a mag- 
netic recording thin film head, a coil, an inductor, a thin 
film high permeability material and a micro magnetic de- 
vice comprising a combination thereof, a filter, a reflecting 
film, a dichroic mirror, and the like. The present invention 
can also applied to liquid crystal display devices regard- 
less of the display mode, i.e., the reflective or transmis- 
sive display mode. In addition, the present invention can 
be applied to not only a liquid crystal display device for 
displaying characters and images but also a liquid crystal 
device comprising a liquid crystal panel functioning as a 
light valve. 



Claims 

1 . A method of separating a thin film device comprising: 

a first step of forming a separation layer on a 
substrate, the separation layer being formed of 
a different material than the substrate; 
a second step of forming a thin film device so 
that the separation layer is positioned between 
the thin film device and the substrate; and 
a third step of irradiating the separation layer 
with light to cause a separation phenomenon in 
the separation layer and/or the interface thereof 
to separate the substrate from the separation 
layer 

wherein an ion implantation step of implanting 
ions in the separation layer is provided before 
the third step. 

2. A method of separating a thin film device according 
to Claim 1, 

wherein the separation phenomenon is caused by 
vaporizing the ions implanted in the separation layer. 

3. A method of separating a thin film device according 
to Claim 1 or Claim 2, 

wherein in the ion implantation step, bonds of atoms 



or molecules which constitute the separation layer 
are cut by the ion to previously damage the separa- 
tion layer. 

5 4. A method of separating a thin film device according 
to Claim 1or Claim 2, 

wherein in the ion implantation step, the character- 
istics of the separation layer are changed by the ions 
to previously weaken the adhesion between the sep- 
*0 aration layer and the substrate. 

5. A method of separating a thin film device according 
to Claim 1 or Claim 2; 

wherein the second step is a step of forming a thin 
*5 film transistor; 

the thin film transistor forming step includes a chan- 
nel layer forming step; and 
the ion implantation step is performed after the chan- 
nel layer forming step. 

20 

6. A method of separating a thin film device according 
to Claim 5; 

wherein the thin film transistor forming step includes 
a channel pattern forming step after the channel lay- 
25 er forming step; and 

the ion implantation step is carried out after the chan- 
nel pattern forming step. 

7. A method of separating a thin film device according 
30 to Claim 5 or 6: 

wherein the ion implantation step is performed with 
a mask formed in a region of the channel layer, which 
serves as a channel region. 

35 8. A method of separating a thin film device according 
to Claim 6; 

wherein the transistor forming step includes a step 
of forming a gate insulation film on the channel pat- 
tern after the channel pattern forming step, and a 
40 step of forming a gate electrode in a region on the 
gate insulation film opposite to the channel region; 
and 

the ion implantation step is carried out by using the 
gate electrode as a mask. 

45 

9. A method of separating a thin film device according 
to Claim 7; 

wherein the ion implantation step comprises simul- 
taneously implanting impurity ions to be implanted 
50 in at least one of source and drain regions in the 
channel pattern and the ions to be implanted in the 
separation layer, which are lighter than the impurity 
ions. 

55 10. A method of separating a thin film device according 
to Claim 5; 

wherein the thin film transistor forming step includes 
a step of forming an amorphous silicon layer as the 



20 

6. 



25 



7. 

30 



19 



35 



EP 1 014 452 B1 



36 



channel layer, and a crystallisation step of crystallis- 
ing the amorphous silicon layer by laser annealing; 
and 

the ion implantation step is carried out before the 
crystallisation step. 5 

1 1. A method of separating a thin film device according 
to Claim 1or Claim 2; 

wherein the ions are hydrogen ions. 

10 

1 2. A method of separating a thin film device according 
to Claim 11, 

wherein the process temperature of the step earned 
out after the ion implantation step is less than 350°C. 

15 

1 3. A method of separating a thin film device according 
to any one of the preceding claims, further compris- 
ing the step of forming an intermediate layer between 
the separation layer and the thin film device. 

20 

14. A method of manufacturing a thin film transistor, 
comprising: 

a first step of forming a separation layer on a 
substrate, the separation layer being formed of 25 
a different material than the substrate; 
a second step of forming a channel layer of the 
thin film transistor so that the separation layer 
is positioned between the substrate and the thin 
film transistor; 30 
a third step of implanting ions in the separation 
layer after forming the channel layer; and 
a fourth step of irradiating the separation layer 
with light to cause a separation phenomenon in 
the separation layer and/or an interface thereof 35 
to have the thin film transistor separated from 
the substrate. 

15. A method of manufacturing a thin film transistor ac- 
cording to claim 14, ao 
a channel pattern being formed after forming the 
channel layer and implanting ions. 

16. A method of manufacturing a thin film transistor ac- 
cording to claim 14, the second step of forming the 45 
channel layer comprising: 



cording to claim 14, 

wherein the separation phenomenon rs caused by 
vaporizing the ions implanted in the separation layer. 

Patentan sprue he 

1. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments, umfassend: 

einen ersten Schritt zum Bilden einer Trenn- 
schicht auf einem Substrat, wobei die Trenrv 
schicht auseinem anderen Material als das Sub- 
strat gebildet ist; 

einen zweiten Schritt zum Bilden eines Dunn- 
film-Bauelements, so dass die Trennschicht 
zwischen dem Dunnfilm-Bauelement und dem 
Substrat posirjoniert ist; und 
einen dritten Schritt zum Bestrahlen der Trenn- 
schicht mit Licht, urn ein Trennungsphanomen 
in der Trennschicht und/oder deren Grenzflache 
herbeizufuhren, urn das Substrat von der Trenn- 
schicht zu trennen; 

wobei ein lonenimplantationsschritt zum Im- 
plantieren von lonen in der Trennschicht vor 
dem dritten Schritt bereitgestellt ist. 

2. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 , 

wobei das Trennungsphanomen durch Verdamp- 
fung der lonen, die in der Trennschicht implantiert 
sind, herbeigefuhrt wird. 

3. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 oder Anspruch 2, 

wobei in dem lonenimplantationsschritt Bindungen 
von Atomen oder Molekulen, die die Trennschicht 
bilden, durch das longetrenntwerden, urn die Trenn- 
schicht im Voraus zu beschadigen. 

4. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 oder Anspruch 2, 

wobei in dem lonenimplantationsschritt die Eigen- 
schaften der Trennschicht durch die lonen verandert 
werden, um die Adhasion zwischen der Trenn- 
schicht und dem Substrat im Voraus zu schwachen. 



forming a silicon layer including an amorphous 
silicon to form the channel layer; and 
crystallising the amorphous silicon layer. 

17. A method of manufacturing a thin film transistor ac- 
cording to claim 14, 

further comprising the step of forming an intermedi- 
ate layer between the separation layer and the thin 
film transistor. 

18. A method of manufacturing a thin film transistor ac- 



5. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 oder Anspruch 2, 

wobei der zweite Schritt ein Schritt zur Bildung eines 
Dunnfllmtransistors ist; 

der Dunnfilmtransistor-Bildungsschritt einen Kanal- 
schicht-Bildungsschritt enthalt; und 
der lonenimplantationsschritt nach dem Kanal- 
schicht-Bildungsschritt ausgefuhrt wird. 

6. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 5, 
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wobei der Dunnfilmtransistor-Bildungsschritt einen 
Kanalmuster- Bildungsschritt nach dem Kanal- 
schicht- Bildungsschritt enthalt; und 
der lonenimplantationsschritt nach dem Kanalmu- 
ster-Bildungsschritt ausgefuhrt wird. 

7. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspaich 5 Oder 6, 

wobei der lonenimplantationsschritt mit einer Maske 
ausgefuhrt wird, die in einem Bereich der Kanal- 
schicht gebildet ist, der als Kanalbereich dient. 

8. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 6, 

wobei der Transistor-Bildungsschritt einen Schritt 
zum Bilden eines Gate-lsolierfilms auf dem Kanal- 
muster nach dem Kanalmuster- Bildungsschritt ent- 
halt, und einen Schritt zum Bilden einer Gate-EIek- 
trode in einem Bereich auf dem Gate-lsolierfilm ge- 
genuber dem Kanalbereich; und 
der lonenimplantationsschritt unter Verwendung der 
Gate-Elektrode als Maske ausgefuhrt wird. 

9. Verfahren zum Trennen eines Dtinnfilm-Bauele- 
ments nach Anspruch 7, 

wobei der lonenimplantationsschritt das gleichzeiti- 
ge Irnplantieren von Storstellenionen, die in minde- 
stens einem von Source- und Drain-Bereichen in 
dem Kanalmuster zu irnplantieren sind, und der lo- 
nen, die in der Trennschicht zu irnplantieren sind und 
leichter als die Storstellenionen sind, umfasst. 

10. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 5, 

wobei der Dunnfilmtransistor- Bildungsschritt einen 
Schritt zum Bilden einer amorphen Silikonschichtals 
Kanalschicht, und einen Kristallisierungsschritt zum 
Kristallisieren der amorphen Silikonschicht durch 
Lasergluhen umfasst; und 

der lonenimplantationsschritt vor dem Kristallisie- 
rungsschritt ausgefuhrt wird. 

11. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 oder 2, 

wobei die lonen Wasserstoffionen sind. 



14. Verfahren zur Herstellung eines Dunnfilmtransi- 
stors, umfassend: 

einen ersten Schritt zum Bilden einer Trenn- 
5 schicht auf einem Substrat, wobei die Trenn- 

schicht aus einem anderen Material als das Sub- 
strat gebildet ist; 

einen zweiten Schritt zum Bilden einer Kanal- 
schicht des Dunnfilmtransistors, so dass die 
10 Trennschicht zwischen dem Substrat und dem 

Dunnfilmtransistor positioniert ist; 
einen dritten Schritt zum Irnplantieren von lonen 
in der Trennschicht nach der Bildung der Kanal- 
schicht; und 

*5 einen vierten Schritt zum Bestrahlen der Trenn- 

schicht mit Licht, urn ein Trennungsphanomen 
in der Trennschicht und/oder deren Grenzflache 
herbeizufuhren, um den Dunnfilmtransistor von 
dem Substrat zu trennen. 

20 

15. Verfahren zur Herstellung eines Dunnfilmtransistors 
nach Anspruch 14, 

wobei ein Kanalmuster nach der Bildung der Kanal- 
schicht und Implantierung von lonen gebildet wird. 

25 

16. Verfahren zur Herstellung eines Dunnfilmtransistors 
nach Anspruch 14, wobei der zweite Schritt zur Bil- 
dung der Kanalschicht umfasst: 

30 Bilden einer Silikonschicht, die ein amorphes Si- 

Hkon enthalt, zur Bildung der Kanalschicht; und 
Kristallisieren der amorphen Silikonschicht. 

17. Verfahren zur Herstellung eines Dunnfilmtransistors 
35 nach Anspruch 1 4 , 

des Weiteren umfassend den Schritt zur Bildung ei- 
ner Zwischenschicht zwischen der Trennschicht und 
dem Dunnfilmtransistor. 

"fo 1 8. Verfahren zur Herstellung eines Dunnfilmtransistors 
nach Anspruch 14, 

wobei ein Trennungsphanomen durch Verdampfung 
der lonen, die in der Trennschicht implantiert sind, 
herbeigefuhrt wird. 

45 



12. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach Anspruch 1 1 , 

wobei die Prozesstemperatur des Schrittes, der 
nach dem lonenimplantationsschritt ausgefuhrt 50 
wird. weniger als 350°C ist. 

13. Verfahren zum Trennen eines Dunnfilm-Bauele- 
ments nach einem der vorangehenden Anspruche, 
des Weiteren umfassend den Schritt des Bildens ei- 55 
ner Zwischenschicht zwischen der Trennschicht und 
dem Dunnfilm-Bauelement. 



Revendications 

1. Procede pour la s6paration dun compos ant a cou- 
che mince comprenant: 

une premiere etape de formation d'une couche 
de separation sur un substrat, la couche de se- 
paration etant formee en une matiere differente 
de celle du substrat ; 

une deuxieme etape de formation d'un compo- 
sant a couche mince de maniere a ce que la 
couche de separation soit positionnee entre le 
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composant a couche mince et le substrat ; et 
une troisieme etape consistant a irradier la cou- 
che de separation avec de la lumiere afin de 
provoquer un phenomene de separation dans 



ou lors de I'etape d'implantation d'ions, des liaisons 
da tomes ou de molecules formant la couche de se- 
paration sont coupees par les ions afin de preala- 
blement endommager la couche de separation. 

4. Precede pour la separation d'un composant a cou- 
che mince selon la revendication 1 ou la revendica- 
tion 2. 

ou lors de I'etape d'implantation d'ions, les caracte- 
ristiques de la couche de separation sont modifiees 
par les ions afin de prealablement affaiblir I adhesion 
entre la couche de separation et le substrat. 

5. Precede pour la separation d'un composant a cou- 
che mince selon la revendication 1 ou la revendica- 
tion 2, 

ou la deuxieme etape est une etape de formation 
d'un transistor a couche mince ; 
I'etape de formation du transistor a couche mince 
incluant une etape de formation d'une couche de 
canaux ; et I'etape d'implantation d'ions etant reali- 
see apres I'etape de formation de la couche de ca- 
naux. 

6. Procede de separation d un composant a couche 
mince selon la revendication 5 ; 

ou I'etape de formation du transistor a couche mince 
comprend une etape de formation d'un motif de ca- 
naux apres I'etape de formation de la couche de 
canaux ; et I'etape d'implantation d'ions etant reali- 
see apres I'etape de formation du motif de canaux. 

7. Procede de separation d'un composant a couche 
mince selon les revendications 5 ou 6 ; 

ou I'etape d'implantation d'ions est realisee avec un 
masque forme dans une zone de la couche de ca- 
naux, qui serf de zone de canaux. 



8. Procede de separation d'un composant a couche 
mince selon la revendication 6; 
ou I'etape de formation du transistor comprend une 
etape de formation d'une pellicule isolante de grille 
sur le motif de canaux apres I'etape de formation 
d'un motif de canaux, et une etape de formation 
d'une electrode de grille dans une zone sur la pelli- 
cule isolante de grille opposee a la zone de canaux ; 
et 

I'etape d'implantation d'ions etant effectuee en utili- 
sant I'electrode de grille en tant que masque. 

9. Procede de separation d'un composant a couche 
mince selon la revendication 7 ; 
ou I'etape d'implantation d'ions comprend llmplan- 
tation simultanee d'ions d'impuretes devant etre im- 
plantes au moins dans Tune des zones de source et 
de drain du motif de canaux et des ions a implanter 
dans la couche de separation, lesquels sont plus le- 
gers que les ions d'impurete. 

10. Procede de separation d'un composant a couche 
mince selon la revendication 5 ; 
ou I'etape de formation du transistor a couche mince 
comprend une etape de formation d'une couche de 
silicium amorphe en tant que couche de canal, et 
une etape de cristallisation pour la cristallisation de 
la couche de silicium amorphe grace a un recuit au 
laser ; et 

30 I'etape d'implantation d'ions etant realisee avant 
I'etape de cristallisation. 

11. Procede de separation d'un composant a couche 
mince selon la revendication 1 ou la revendication 2 ; 

35 ou les ions sont des ions d'hydrogene. 

12. Procede de separation d'un composant a couche 
mince selon la revendication 11, 

ou la temperature de traitement de I'etape effectuee 
40 apres I'etape d'implantation d'ions est inferieure a 
350*0. 

13. Procede de separation d'un composant a couche 
mince selon Tune quelconque des revendications 

*5 precedentes, comprenant par ailleurs I'etape de for- 
mation d'une couche intermediate entre la couche 
de separation et 
le composant a couche mince. 

50 14. Procede de fabrication d'un transistor a couche min- 
ce, comprenant : 

une premiere etape de formation d'une couche 
de separation sur un substrat, la couche de se- 
55 paration etant formee en une matiere differente 

de celle du substrat ; 

une deuxieme etape de formation d'une couche 
de canal du transistor a couche mince, de ma- 



la couche de separation et/ou dans I'interface 5 
de celle-ci afin de separer le substrat de la cou- 
che de separation; 

une etape d'implantation d'ions consistant a im- 
planter des ions dans la couche de separation, 
etant foumie avant la troisieme etape. io 

2. Procede pour la separation d'un composant a cou- 
che mince selon la revendication 1 , 
ou le phenomene de separation est provoque grace 
a I'evaporation des ions implantes dans la couche is 
de separation. 

3. Procede pour la separation d'un composant a cou- 
che mince selon la revendication 1 ou la revendica- 
tion 2, 20 
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niere a ce que la couche de separation se situe 
entre le substrat et le transistor a couche mince ; 
une trotsieme etape d'implantation d'ions dans 
la couche de separation apres la formation de 
la couche de canaux ; et 5 
une quatrieme etape consistant a irradier la cou- 
che de separation avec de la lumiere afin de 
provoquer un phenomene de separation dans 
la couche de separation et/ou une interface de 
celle-ci, afin que le transistor a couche mince 10 
soit separe du substrat. 

1 5. Precede de fabrication d'un transistor a couche min- 
ce selon la revendication 14, 

un motif de canaux etant forme apres la formation 15 
de la couche de canaux et I'implantation d'ions. 

1 6. Proced6 de fabrication d'un transistor a couche min- 
ce selon la revendication 14, la deuxieme etape de 
formation de la couche de canaux comprenant : 20 

la formation d'une couche de silicium incluant 
du silicium amorphe, afin de former la couche 
de canaux ; et 

la cristallisation de la couche de silicium amor- 25 
phe. 

1 7. Procede de fabrication d'un transistor a couche min- 
ce selon la revendication 14, 

comprenant par ailleurs I'etape de formation d'une 30 
couche intermediate entre la couche de separation 
et le transistor a couche mince. 

1 8. Procede de fabrication d'un transistor a couche min- 
ce selon la revendication 14, 35 
ou le phenomene de separation est provoque grace 

a I'evaporation d'ions implantes dans la couche de 
separation. 



40 



45 



50 



55 



23 



EP 1 014 452 B1 



FIG. 1 



A < A < * -C K < . 



\2G 
100 



FIG. 2 





\ 



v Y // ) / x 



146 ( 



/ 



I AO. 



» 

\ 

\ 

!42 



FIG. 3 




24 



EP 1 014 452 B1 



FIG. 4 



FIG. 5 



FIG. 6 




\ \ \ ^ \ H 



4> < ^ A A 1 ^ 4 < < y ' 



k,' 



I30 



ISO 
_ I40 
I20 

IOO 



I J 

LASER LIGHT 




A I8C- 



ISO 




IOO 




25 



EP 1 014 452 B1 



FIG. 7 



(%) 

I 




500 { nm ) 

WAVELENGTH 



26 



EP 1 014 452 B1 



FIG. 8 



LASER LIGHT 



> 5 r > 







V 


"V "X. "V 




V - 






A. «. «k 


- » A < 4 X Xt 4, 4 * -t ^ 


* v A 


A. A. 






✓ 

✓ 

* 




/ 

S 

f 


/ 

S 

* s 

s 



!^2 
* I2C 



FIG. 9 



!44c- 



i X NT 



.» /» , ✓ 



I44b 



■ y s >> ' ' ' 



y\ A 



^ X A \x * X Xa^^na^X a 



!42 

J2C 



FIG. 10 




FIG. 11 



CSZ 



1 50a 

( 

\ 



l48o 
144a 



loOb 



43 b 
144b 




, ^ > ,,. X < , ■* * ~ *. ,^ ***** ~. A> 4 



142 

• i20 
IOO 



27 



EP 1 014 452 B1 



FIG. 12 



Bfrl 



I 

.1 l50o 



170 



y2 



1 J 

i4ao 



150b 



•43b 



33: 



% ^ /N«* A A ^ < «* < A. < A \ < < A < X "v 4 «V ^- < K ^ -4 A 





l72o ( P + ) 



( 

l72b(P r ; 



!42 



-100 



FIG. 13 



y 



I 
I 
I 

f 



!50o 



P — 



!43b 



! I 130b I \ \ 

f ¥ \ f J V" 




174 



/3 



> z: 



!42 



- .> Sis' f J *. S A. * * ' -' + s< * s 



< x h *\ J* -» 





>< -'iV 



~\.\2C 



!45g 



146 b 



172a 



!72b 



FIG. 14 



,52c l50o '? 2b 152c ^ 0b I52d 




\ 

!46o \ 145 b 
!48o 



28 



EP 1 014 452 B1 



FIG. 15 




FIG. 16 




29 



EP 1 014 452 B1 



FIG. 17 




FIG. 18 




30 



EP 1 014 452 B1 



FIG - 19 




340 



31 



EP 1 014 452 B1 



FIG. 20 



500 POLARIZER 



444 



48 O COUNTER SUBSTRATE 



450 LIQUID CRYSTAL 




ACTIVE MATRIX 



420 POLARIZER 



400 BACK LIGHT 



32 



EP 1 014 452 B1 




33 



EP 1 014 452 B1 




34 



EP 1 014 452 B1 



FIG. 23 




35 



EP 1 014 452 B1 



FIG. 24 




36 



EP 1 014 452 B1 




EP 1 014 452 B1 




EP 1 014 452 B1 




39 



EP 1 014 452 B1 



FIG. 28 




SIGNAL LINE 
7200 



w 



\ > \ \ l ^r~r 



^ 7ZZO PIXEL ELECTRODE 

7220 GATE ELECTRODE 
72 1 0 SCANNING LINE 




/ 
i 



\ 7I0< 



7,000 7,COb ™* 7,000 



TlOOq^i 




7l00h 



7100/ 



7100m 



7,00n 7 ^° (0 V.COpi 
/ Jlllll, 



) 700O 

6000 ACTIVE MATRIX SUBSTRATE 



40 



EP 1 014 452 B1 



FIG. 29 




41 



EP 1 014 452 B1 



FIG. 30 




LASER LIGHT 



42 



FIG. 31 



EP 1 014 452 B1 



I j 



I 



H 

I 



20I f ^ 
J l44o 



3 



! 



\ 



20! 

^ I44b 



I42 



v v ' I20 



' ' ' ' - i 

IOC- 



PIG. 32 



I 



i 
i 



i 



I48g 202 
f / !44o 



I 



202 



! f V I44b 



142 



i \ 






v \ V \ ^ \ 




✓ 

f 


' r ✓ 
'. -ff- 


s 


r , * , , 
* * * * 

'- 1 '- '- - - 



!20 
I00 



43 



EP 1 014 452 B1 




-Y//A~ 



I40 

!90 

200 



44 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

. / 

(Z) FADED TEXT OR DRAWING 

^2 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHffilT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 



U C 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



